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35-in. Blooming 
Mill in Central 
Alloy Piant 


Responsibilities of Leadership in 
Alloy Steel Production 


EADERSHIP in the production of Alloy 
Steels was not obtained by simply making 
and selling steel, Our responsibility goes much 
further. .We maintain a large staff of expert 
metallurgists whos¢ duty it is to study any steel 
problem you have/and solve it for you without 
charge, regardless of whether or not your name 
appears on our books. 

We appreciate that no small part of our respon- 
sibility as world leaders is involved in the suc- 
cess of our clients. Let us explain our service 
more fully. Write for a copy of our handbook. 


Central Alloy Steel Corporation 
Massillon, Ohio 
Makers of Toncan Copper Mo-lyb-den-um Iron 
Cleveland Detroit Los Angeles St. Louis 


Syracuse Philadelphia en vient et 
San Francisco Chicago 


We have daily pro- 
duction in our two 
completely equipped 
plants at Massillon 
and Canton in al! 
kinds of Agathon Al- 
loy Stéels, such as: 


Nickel;Chrome-Nickel, 
UMA, Molybdenum, 
Chrome- Molybdenum, 
Nickel - Molybdenum, 
Vana dium, Chrome- 
Vanadium, Chromium, 
etc, 


Deliveries in Blooms, 
Billets, Stabs, Hot 
Rolled, Heat Treated, 
and Cold Drawn Bars, 
Hot Rolled Strips, etc 
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You Use Pyrometers 








add a Pyro because— 


“N° thermo-couple in the furnace can do what thi 
Pyro Radiation Pyrometer will do. Pyro will 
tell you the temperature of the steel being treated in 
the furnace, not merely the temperature of the fur 
nace itself at some fixed point. 
Pyro eliminates personal judgment and substitutes 
accurate measurement. It’s so simple that any 
workman can use it. Simply stand at any con 
venient distance, hold Pyro to the eye, look through: 
it at the steel, press the button and read the scale Th 
The pointer holds the indication until released by 
again pressing the button. 
No accessories—everything is in the compact 7 inch. 
25 ounce Pyro itself, and maintenance is nil. 
Pyro provides quick, simple, accurate means for 
avoiding underheating and overheating, thus pro 
moting uniformity of product, reducing spoilage and 
increasing production per furnace. More than 4000 
Pyros in use are daily proving that these advantages 
are certain. 

Try before you buy 
Write today on your business letterhead and we'll 


send you a Pyro on approval to try out on your own 
work. 


PYROMETER INSTRUMENT COMPANY 


PYRO RADIATION PYROMETER 


When writing to Pyrometer Instrument Company, please mention TRANSAC! 






“4 
bi6 











d 
() 









TRA NSA «A iii O NS 
American Society for Steel Treating 


MAY, 1927 








THE SPRING SECTIONAL MEETING 


VYOMPLETE arrangements have been made for the entire pro 
.; vram of the Spring Sectional meeting to be held in Milwaukee, 
May 19 and 20, 1927. The energetic Milwaukee chapter committees 
¥ a done a fine piece of work in preparing the program of events 
for this 2-day session. The Hotel Pfister will be headquarters. 

On Wednesday, May 18, the national officers and directors will 
hold an all-day meeting at the Tlotel Pfister, to transact important 
matters of business relative to the soclety, Also the Recommended 
Practice Committee of the Society will hold a meeting in the head 

iarters hotel the same day. In the evenine the usual Early 
Birds’ Dinner and theater party will be held. 

Thursday and Friday, May 19 and 20, will be devoted to tech 
nical sessions and plant inspection trips. Papers will be presented 

men Whe are authorities in their lines, and we are sure that 
their papers will carry many new ideas and much food for thought. 
The authors who will present papers are Messrs. T. MeLean 
Jasper, Harold F. Wood, R. S. Archer, R. M. Sandberg, Hl. B. 
Northrup and J. B. Green. The subjects of the papers to be pre 
sented will be found in the scheduled program on page 676. 

The program for the banquet Thursday evening will be a real 
treat. The society is to be honored by having as its’ principal 
speakers S. M. Havens, general manager of the Wyman-Cordon Co., 
Harvey, Lil., and Dr. Max Mason, president of the University of 
Chicago. The subject of these speeches is given on the next page. 

ln addition to the plants scheduled for inspection Thursday 
id Friday afternoon, the committee in charge has made arrange- 
ments so that members and guests will be able to Inspect the follow- 
iy plants: Crucible Steel Co., Sivyer Steel Castings Co., Maynard 
Steel Casting Co., Geo. H. Smith Co., Milwaukee Steel Casting Co., 
Harley Davidson Co., Ladish Drop Forge Co., Falk Corporation, 
Nordberg Mfg. Co., Bueyrus Co., Harnischfeger (Corporation, Nash 
Motors Milwaukee Plant, Globe Seamless Tube (‘o. 


675 
























































































































































676 












10:00 

















10-00 














6:00 











PROGRAM FOR SPRING SECTIONAL MEETING, HOTEL 
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MILWAUKEE, MAY 19-20, 1927 


WEDNESDAY, MAY 18 


\. M.—Meeting of Officers and Board of Directors 
A. M. Meeting of Recommended Practice Committee, 
P. M.—Early Birds’ Dinner and Registration—Hotel Pt 
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THURSDAY, MAY 19 


Registration. Ball Room, Hotel Pfister. 


Morning Technical Session Dr. J. A. Mathews, Chai 
11:00 A. M.—Seientific Research and Its Application to | 


MeLean Jasper, Director of Research, A, O, S 
Milwaukee, 


12:00 A, M.—The Automatie Eleetrie Furnace—Its Uses 


ities—Harold KF. Wood, Chief Metallure 
Shepard Division, Wyman-Gordon Co., Harvey 


Afternoon Session 


4:30 P. M.—Luneheon and plant inspection at the plants ot 
Chalmers Manutacturing Co. 
Kvening Session 
P. M.—Banquet and Entertainment Ball Room, Hotel Ptist 


Speakers 
S. M. Havens, General Manager, Wyman-Gordon (Co 
The Technical Organization in Industry 
Dr. Max Mason, President of Chieago University 


Formalism and the Deeper Insight 





FRIDAY, MAY 20 
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Morning Technical Session 


Prof. 


M. Boy Iston, 4 


itl 


rh 


11:00 A M.—Heat Treatment of Wrought Aluminum Alloys 
Strength, R. S. Archer, Research Bureau, Alun 
pany of America, Cleveland, 

12:00°:A, M.—Applieation of Theory to Practice in Heat Tr 
High Speed Steel—R. M. Sandberg, Assistant 
Columbia Tool Steel Co., Chieago Heights, 1! 

Afternoon Session 

5:00 P. M.—Plant Inspection—Optional Selection of eit 

Smith Corporation or International Harveste: 
Evening Technical Session Dr. F. C. Langenberg, Chai 

8:00 P. M.—Case Carburization of Steels by Means of Salt 
Low Cyanide Concentration—H. B. North 
Kelley Co., Cleveland. 

P. M. Processing Welding Wire and Its Effect on thi 


Welding Metal, J. B. 


Chicago Steel and Wire Co., Chicago (Illust 


Green, 


Stereopticon and Movies). 


Research Di 
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HARDNESS TESTING OF STEEL BALLS BY MAGNETIC 
METHODS 















By S. R. Winuiams 


Abstract 





In a former paper,' published in these TRANSAC 
ions, @ magnetic method for testing the hardness of 
steel balls was described. The present paper deals with 
nprovements in that method and a better technique in 
mipulation as now worked out for the outnt. 


INTRODUCTION 





"| { problem of testing steel balls before they are put into 
actual 


service seems to be one of considerable interest. if 





may judge by the reactions which come in reply to letters 










nt out to steel ball manufacturers. The correspondence shows 
that if a practical method of testing steel balls magnetically 
s to be produced there is a need for co-operation hetween those 
nterested in the field of pure science in magnetism and those who 
ive interested in finding out what tests will indicate when a first 
lass steel ball is produced. 
()f all the methods now used for testing the hardness of steel 


alls the magnetic method seems to offer the greatest promise 











ecause no injury is offered to the ball which is being tested. 
\long with the hardness tests must also go wearing qualities and 
resistance to erushing loads. Eventually it will be possible to 
lind definite relations between magnetic and all other physical 
properties of bodies for there seems to be a fundamental prin 
ple that there is one and only one set of physical and chemical 
roperties corresponding to a given set of magnetic character 


\ lt 


‘s, and conversely, there is one and only one set of magnetic 


properties corresponding to a given set of physical and chemical 
‘aracteristies. This offers a large field of research concerning 
+} 


le relations between magnetic properties and the mechanica! 





ardness of substances, 










S. R. Williams, Transactions, American Society for Steel Treating, Vol. 5, 1924, p. 479 


\ paper presented before the eighth annual convention of the Society. 
go, September 20 to 24, 1926. The author Dr. 8S. R. Williams is) pr 
physics, Amherst College, Amherst, Mass 













TRANSACTIONS OF THE A. 8. 8. T. 
APPARATUS AND MANIPULATION 


The method of testing steel balls, magnetically, res 
the principle that the external fields of permanent hor 
magnets or of electromagnets are distorted when a 


STer 


placed between their poles. The greatest distortion wil] 


Fig. 1—Photograph Showing the Set-Up of the Magnetic Hardomete: 


when the permeability is largest, which in general is true 
softer the ball used. If a magnetometer is placed in this field 
then the position of the needle in the magnetometer will be dil 
ferent when the ball is present than when it is removed. .\ 
ball should give a larger deflection of the magnetometer thi 
hard one. 

In the former method the external field in which the mag 
netometer was placed was the resultant of the earth’s field anc 
that of a single horse-shoe magnet. This meant that as the eartli > 
field fluctuated the deflections of the magnetometer varied, an’ 
the more so the farther the magnetometer was placed fron 
magnet. 





true 


this field. 


than ; 


the mag 
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In the present arrangement of magnetic fields the magnet- 

is placed between two horse-shoe magnets, whose fields 

oppose each other as shown in Fig. 1. In this ‘‘set-up”’ the field 
, which the magnetometer is placed is affected measurably only 
hy the variations produced by the introduction or withdrawal 
f the steel ball between the poles of the magnet. The distance 


The Field Between the Two Horseshoe Magnets Shown in Fig. 1. A is the Position 
‘eutral Point When the Ball is in Position and B When the Ball is Removed. 


apart of the pole ends of the two magnets is about 20 centimeters 
7.8 inches) which brings the neutral point about 10 centimeters 
3.9 inches) from each magnet. In Fig. 2 is shown the resultant 
eld of the two magnets when the steel ball is between the poles 
of the magnet No. 2. The neutral point of the field is indicated 
by the point marked A. The point B marks the neutral point 
of the field when the ball is removed, thus showing that the intro- 
duction of the steel ball shifts the neutral point about half an 
inch. In this particular ease the ball was an ordinary steel ball 
‘; of an inch in diameter. Fig. 2 also shows how sharply the 
neutral point is defined so that if a short magnetic needle is used 
the displacement of the neutral point by the steel ball would cause 
deflection of the needle through 180 degrees. A long needle, 


e those used in surveyor’s transits, would indicate very little 
‘ange in the field. The magnet used for a magnetometer in 
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this work was bell-shaped, 
~ centimeters, (0.75 ineh), 


tungsten stee] fives 


aging than do other 


former oil. 


The deflections of the 
lieht reflected from the 


scale was reversed so that 


responded to soft 


the sensitivity of 


outfit may be picked 


It seemed desirable that 
placed between the 


cut shows the hall 


ical depressions were 


Seated each time j 


one of the mag 


ferent sized gaps 
could be t 


The horse-shoe magnets we 


trical Instrument 


of these magnets w 


for magnet No. 2 


the diameter being 
It was made of tunesten stee] 
sreater intensities of 
kinds of steel, 
fastened to a stiff brass shank { 
tached and the whole 
fiber. In order to dampen the oscillations, 
a heavy brass cup, which, 


magnetometer were 
mirror. 
became an arbitrary set of magnetic 
deflections giving 
and large numbers to 
the length of the magnetometer needle 


& good location 
up, transported 
desired. Standardization 


in terms of a standard steel ba 


poles of th 
come as near filline the 


extensions oO 


*Moir, Philosophical Vaca ine, § 
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and had a leneth vertic 


because M ISS Moir 


Inasmuch as the 


hard balls. 


magnets seems to 


any magnetic hardometer 


IT. 


When a given sized steel ball 
e magnet, No, 2. 


magnets as shown in F 
in position, being 
attraction of the pole, 


Which Insured the steel balls 
n exactly the same position. Fig. 1 shows on) 


nets with the extra pole-pieces. In 
magnets carried the 


ing the extra pole-y 


‘re obtained from the Rawson El 
Company of Cambridge, Mass. 
as 17500 maxwells for magnet No 
as against only 7 





about ] 


magnetiz; 
This bel] Shaped 
0 which the mirror 
System suspended by a Phospho) 
the magnet 
in turn, was filled with 


read 


numbers for hardness. th, 


smal] 


has a ereat deal to 
the outfit, the Position of the 
between the two horse-shoe 


 eut-and-try’’, Once 


MaLcnetomete 


has been found 
and turned in 


Fie. 1, that it shoul 
Lap as possible so extra 


pole pleces wel 
attached to the permanent 


held there by the 


In the faces of the pole pleces small ¢ 


practice hot 
{ poles so that with the two dif 
between the poles several sizes 
ested without change 


250 maxwells for 
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the outfit deseribed in the former paper. A eriticism of 
“ner device was that it magnetized the steel ball and when 
ere rotated between the poles most any detlection of the 
meter could be obtained because of retentivity. To ob 
his difficulty the balls were placed directly between the 


vithout rotation. If a second reading was desired the ball 


Spo! 


e readings 


‘dness. t| 


mbers cor 
asmueh as 
LO do Wit! 
ynetomete) 
matter of} 
the whol 
vy directior 


r must lx 


| hall Wiis 
it it shoul 


pLeCeS 


Fig. 38-—-Photograph Showing the | 


, Steel Ball in Position 
Ce macnn 


small cor ; 
balls | vas removed and allowed to roll through a solenoid through which 
mis Heme 


n alternating current was flowing. ‘This coil was 32.9 centimeters 


shows onl 7 . ° > . . 4 
- long and 3.5 centimeters in free diameter with a constant ol 
ACLICe DO 


a 1p 44.8 gauss per ampere. When an alternating current of 110 volts 
le TWO dll ; : — 

tec! hall Was sent through it a current of about 7.5 amperes flowed in the 
Stee LLL 


il. The ball passing through the strong alternating field at 


,. 


| the center of the solenoid and then on through and out some 
eg listance from it was found to be thoroughly demagnetized when 

‘ould again be placed in the magnetic hardometer and tested as 
elore. Balls elassified for different degrees of hardness showed 
similar classification after having been demagnetized in the 


inner deseribed. There was some indication that a few showed 
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a small increase in hardness. It has been noticed elsey 
the process of magnetization changes slightly the har 
some steels.® 

As a matter of routine testing it would seem best 
just one reading on each ball and let it go at that, for a 
the ball is placed in the field it becomes permanently mavyet; 
and when rotated the permanent field of the steel ball atjec 


resultant field in which the magnetometer is placed. || 


‘ 
al Sit 


ball is placed between the poles and left there a few seconds «) 
then removed it will show magnetic polarity as in Fie. 4 


Fig. 4—Photograph of a Permanently Magnetized 

Steel Ball. The Polarity is Shown by the Arrangement 

of the Jron Filings. 
the ball has been dipped in iron filings. If now the ball is replace 
in the field without demagnetization but with the line throug! 
the magnetic poles of the ball at right angles to the field in whic! 
it is placed it will show four poles when dipped in iron filings 
This indicates, of course, why the rotation of the ball gives vari 
readings as the ball is rotated between the poles. Not only «oes 
this permanent magnetization of the steel ball give irregular! 
in readings but also there is a nonuniformity of the stee! 
due to its method of manufacture. This last difficult) 
met in any type of test for hardness which may be #1\ 


*S_ R. Williams, Transactions, American Society for Steel Treating, \ 
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llowever, in the magnetic test which is herewith de- 
we have a test which is not a check on any particular point 


the specimen but rather of the steel ball as a whole, it is an 





vtoeral effect, and for that reason seems to me a better type of 


to apply. It would not be applieable to testing out loeal im 





‘feetlons ot the steel balls. A hardness testine machine lke 


st 

















hig. o--Graph Showing Rockwell Hardness Numbers Taken at 
Points Every Ten Degrees of Are Around a Steel Ball Ihe Ball is 


Is Feplaces s Inch in Diameter 









rw throug! 

din whi the Rockwell hardness tester would show up highly localized im 
ron filings perfections better than the magnetic method. As indicating this 
ves Var nonuniformity of the steel ball a series of readings were taken 








around one of the steel balls every ten degrees of are and are 









plotted in Fig. 5. It is obvious from this diagram that there are 

stee] lefinite polarities of hardness to steel balls and which appear to 
ty will ary trom ball to ball. 

viven ti lie. 6 shows the surface of break in a steel ball cracked by 


There appear to be definite lines to the break as though 
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netic hardometer. 


to the first. 


set of readings shown in Fig. 
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chance break or not these lines are 


Table I gives the 


Table I 


THE 





lines as indicated by the attached filings. 


A. 





continuous 


Both 
would indicate nonhomogeneity which would show up on 


numerical 





ze 


there was a definite polarity to structure and wheth 





with 


Figs 


values 
) and for a set taken at rich 





Rockwell Hardness Values as Plotted in Fig. 5 


Rockwell 


Numbers 


66.0 


66. 


66.7 
66.6 


67. 


66.6 
67. 


67. 
66. 
66. 
66. 


66.5! 
67. 
67. 
67.! 
67. 
67.! 


66. 


Rockwell 


66. 
66. 
66. 
66. 
67. 
66.6 
67. 
67. 
66. 
66. 
66. 
66. 
67. 
67.3 


67.! 


67 


— 
O/. 


66.! 


l 


‘ 


or ois Ol 





Angle 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 


350 


Table I—Continued 
Set of readings at right angles to those just given. 





Numbers 


Angle 
180 
190 
200 
210 
220 
230 
240 
250 
2°60 
270 
280 
290 
300 
310 
320 
330 
340 
350 





Rock Wwe 


Rockwell 
66.4 


66.8 


il 3} 


hb 4 


66.8 
66.8 
66.6 
66.7 
66.6 


07.0 











66.8 
66.6 
66.7 
66.6 
67. 

67.2 
67.0 
66.5 
66.5 
67.0 
67.0 
66.9 
67.0 
67. 

67.2 


67.0 





N 
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+h of these sets of readings were taken on ball No. 1 having 
tempering temperature 480 degrees Fahr. (250 degrees 
and diameter = °4 inch. 
must be remembered that the magnetic test includes the 

‘or condition of the ball also, while the Rockwell test is one 


Fig. 6—Photograph of the Surface cf a Break 


g in a Hardened 
Steel Ball Split by a Hammer, 


( surface layer conditions only. Unless the steel ball were homo- 
veneous it would not be possible to work out a satisfactory set 
of conversion factors between Rockwell and magnetic numbers. 


One of the first tests carried out was a series of readings 


n a set of steel balls, 34 inch in diameter, which had different 
empering temperatures and these readings were then compared 
‘ith the rebound tests and the Rockwell numbers. The _ balls 
with different tempering temperatures were used in the previous 
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paper and were, therefore, demagnetized before testing 







were not demagnetized in the former paper and so the resy);, 
cannot be compared. There were three balls to each temperaty), 
of which there were four different temperatures, viz., 480. (x) 
840, and 1020 degrees Fahr. (250, 350, 450, and 550 deere 
Cent.), respectively. The readings on the three different }) 
for each temperature were averaged together for the values » 
in Fig. 7, but in Table II the individual readings for the differs); 
balls are indicated and will give some idea of the way in w! 

the magnetic numbers run on the magnetic hardometer. 













1 \ 






Table II 
Magnetic Numbers 


Tempering Temperature, 480°F. 



















Ball No, 1 65.0 65.6 65.5 65.4 
Ball No. 2 65.5 65.7 65.0 65.4 Averagy 
Ball No. 3 64.3 64.3 63.9 64.2 

Tempering Temperature, 660° F. 
Ball No. 1 61.5 61.0 61.0 61.2 
Ball No. 2 60.0 61.5 61.0 60.8 Averagt 
Ball No, 3 61.9 61.3 61.1 61.4 

Tempering Temperature, 840°F. 
Ball No. 1 53.7 52.3 02.0 
Ball No. 2 54.0 53.3 §3.2 Averagt 
Ball No. 3 53.3 93.2 52.9 

Tempering Temperature, 1020°F. 
Ball No. 1 53.5 53.3 02.0 
Ball No. 2 53.3 53.0 52.8 Average valu 
Ball No. 3 53.2 52.5 52.3 









A series of readings was then taken on these same balls } 
the rebound method. The striking surface for the balls was tli 
polished surface of a very hard anvil. On the various surfaces 
thus tried out the old anvil with its surface smoothed off gave 1! 
best results. The rebound numbers are tabulated in the accon 
panying table. 





Table III 


Rebound numbers = Height of rebound in centimeters 
Dropping height = 70cm 


Tempering Temperature, 480°F. 










Ball No. 1 66.2 66.3 66.2 
Ball No. 2 66.0 66.5 66.5 Average n 
Ball No. 3 66.2 66.5 66.3 

Tempering Temperature, 660°F. 


Ball No. 1 65. 
Ball No. 2 65. 
Ball No. 3 65. 


or 
ox 


6: 66.0 Average nun 


65.6 66.0 
D.7 
65.8 66.1 


~t 
~ 






’ 
0 
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Table ITI— (Continued) 


Tempering Temperature, 840°F, 


10 











he resu tl No. 1 64.6 64.8 64.8 
nperatur, 1 No. 2 64.5 64.2 64.2 Average number 64.6 
: Rall No. 3 64.6 64.8 64.9 
1S) ( : Te tail i Te = a 1 yO) t 
: empering emperature, 102 ; 
10 deo all] No. 1 62.0 62.5 62.6 
e Rall No. 2 61.9 62.2 62.1 \verage number 62.4 
rent | Ball No. 3 62.5 62.6 62.6 
lues 





The same series of steel balls was next put to the test of the 
Rockwell hardness tester. Inasmuch as this instrument left in- 
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Fig. 7—Curves Showing a Comparison of a Rebound, Rockwell 
nine and Magnetic Numbers. 





dentations in the balls which would influence magnetic tests, only 
one ball was taken from each tempering temperature. The read- 
ings Tor the different Rockwell numbers were taken at random 
around the ball and are given in Table IV. The balls selected 
were those showing the largest differences in magnetic numbers 


as recorded in Table II. 
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67.3 
66.6 
67.0 
67.0 
66.8 
67.1 
66.9 
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66.9 
67.0 
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67.0 


Steel balls are put on the market with a fairly definite he: 
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numbers are also given. 


of 


Magnetie 
Rebound 


comparison 
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hardometer would 
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All of the readings are compared with the t 


temperatures. The Rockwell numbers are a measure of 










‘Tempering 
‘Temperature 
660° F. 

Ball 


64.2 
64.2 
64.2 
64.2 
64.0 
64.0 
64.5 
63.6 
64.4 
64.5 
63.9 
64.3 
64.1 





tion hardness and express this property in terms of plasti 
while the rebound numbers measure the elastic properties 
metal. The question may properly be raised, what do thi 


netic numbers measure? 


treatment and for any particular brand should be quite uniforn 
interest, therefore, to take a 


On a scale which could be moved into any position desir 
was arranged that those 
(3 and 69 would be classed as very hard, between 69 and 6: 
hard, 65 to 61 as medium, 61 to 57 as soft and below 
soft. The distribution of these balls according to hardness follows 


roughly a general distribution law. 


Very hard 


73-69 


66.0 
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s set of balls was needed for further work and so the 
R | hardness tester could not be applied to all of them. 
ere selected, according to the magnetic numbers, one from 


hard and one from the very soft. 


viven in Table VI. 


eircle around the balls. 



























Table VI 


The record 








for these 


Values were taken 20 degrees apart 

















Very Hard Ball Very Soft Ball 
\ngles Rockwell Numbers Angles Rockwell Numbers 
x 65.8 (0) 63.4 
. 66.3 20 65.2 
{ 66.5 1) 65.1 
66.4 60 65.2 
Q 65.8 S0) 65.3 
g 100 65.7 100 65.3 
66.2 120 65.2 
140 66.0 140 65.5 
161 66.1 160 65.3 
Q 1a 66.3 180) 64.9 
2 66.0 ~O0 65.5 
66.2 220 65.2 
4 66.1 40) 65.3 
plas Hf 66.3 “60 65.2 
at 66.3 PS) 65.0 
cS 00) 66.5 300 65.0 
the mao 20) 66.0 320 65.2 
340 66.1 340 65.2 
Av. 66.2 Av. 65.2 
liite Hit 
Uno} oa y y . . 
. Both Tables V and VI indicate that whatever property the 
adiiS, Stu ; ‘ . . i 
magnetic numbers measure they are making that distinction very 
Thy } i 7 s 
‘lear. In the previous paper it was shown that those steel balls 
TO — ‘a . 
| Which were classified as uniform and hard by the magnetic tester 
hk desl . ‘ 
| vave the best record for crushing streneth. In all cases the mag- 
Her we ‘ ° ° . 
netic numbers seem to go progressively with those numbers which 
nd 0.) . . 
‘ n other methods we eall the hardness numbers of the material 
(as \ ' > . ° 
1 ested. Not only do they follow some law of comparison but the 
~S It ( —— . ° ‘ . 
lifferent degrees of hardness are indicated by larger steps in the 
revoul : ; 
nagnetic numbers than by other methods which makes it an easy 
ethod to use. It is not clear just what the kind of hardness 
s which the magnetic hardometer measures, but Fig. 7 would 
\ ndicate that it comes nearer to the Rockwell hardness numbers 


























to the others. Can we say that the magnetic numbers measure 


Mueh must be done 
relation between magnetism and hardness and the direc 


esistance to penetration ? more work 
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tion of this line of work I hope to show in another pap: 






cannot speak of the numbers which are obtained by this 
as the magnetic of the material, unfortunateh 
even from the magnetie viewpoint, the term ‘‘magnetie hard; 


hardness for, 






has been very frequently used to indicate the coercive force | 
saturation.*. The in our 
would lead to misunderstandings although it 


use of such a term 


present problen 









would more pro 
erly be used in that connection than with coercive force. It may 
develop that coercive force and hardness as measured by 
Work by Nusbaum® ind 


eates this and some work which the author now has under wa) 
may throw more light on the subject. 


hard 


ness tester do have a definite relation. 


Another item of interest in comparing Rockwell and maene 
readings with the Rockwell 
across the surface of a section taken through the center of the 
ball. 

were harder than 


numbers was a series of Instrument 





Such a set of readings would show whether the outer layers 
the Table VII gives these readines 
taken at about equal distances across the section of a ji, inch bal 





interior. 










Table VII 
Rockwell Numbers Along Diameter of 






‘.-Inch Steel Ball 












































regular routine testing. 
built 











in any laboratory. 











methods. 
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Society, 
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The outfit 


This investigation has its chief vali 
for the present in this that it gives another angle from which 
view the property called hardness as measured by well 
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Rockwell N 


No. 1 66.0 
No. 2 66 

No. 3 G6.8 
No, 4 G6.4 
No. 5 66.0 
No. 6 66.6 
No. 7 66.3 


it is hoped that some manufacturing plant will try it 


' 
iy 
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This set of numbers does not reveal any striking difference ly 


tween the hardness numbers for the outer layers and the cente 
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The method as thus presented seems to offer possibilities fo 
picking out’ the high grade steel balls without injuring them and 


is inexpensive and may |!» 
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GRAPHITIZING BEHAVIOR OF IRON CARBIDE IN PURE 
[RON-CARBON ALLOYS IN THE CRITICAL RANGE 





By Hl. P. Evans ANp ANSON ITITAYES 







Abstract 








This paper presents a theoretical treatment of the 

hion of carbon monowide carbon dioxide moctures bi 
atalyzing the graphitization of wron carbide in iron 
arbon alloys. The experimental proof is presented that 
iron carbide im iron-carbon alloys of rather high purity 
and containing about 2.30 per cent carbon is metastable 
at temperatures below 1292 degrees Fahr. (700 degrees 
Cent.) and at tem pe ratures above 156. degrees Kahr. 
(850 degrees Cent.) in the presence of this gas mixture 
vhen vt as applied at a pressure of 












> atmospheres. 








ReVIEW OF LITERATURI 










. three double-line iron-carbon diagrams in most general 

use are those of Benedict', of Ruff* and of Wittorf’. The 
portion of these three diagrams, which is important in explaining 
the graphitizing properties of pure iron-carbon alloys below the 


solidification range, i. e., below 2073 degrees Fahr. (1134 degrees 

















Cent.), differ only in the relative slopes of the carbon solubility 
The latter is the A,,, line). 
Benedict’s diagram (Fig. 1) shows the slope of the A, line 
Wittorf in 
dicates that the two lines are parallel, while Ruff has drawn them 


ind of the cementite solubility lines, 
to be greater than that of the carbon solubility line. 


with the carbon solubility line having the greater slope. Benedict’s 
liazram would require also, as would Wittorf’s as well, that pure 
ron-carbon alloys should graphitize completely on cooling slowly, 
since the carbon solubility line lies to the left of the cementite 
solubility line. Ruff’s diagram, however, offers the possibility of 
in intersection, and for temperatures below it, iron carbide should 


be stable. 















Veta ye, oS, page 45, 1908 








M ne, 8, page 457, 1911 








Russian Physical Chemical Society, 48, 1618, 1911 (Original article not read.) 











\ paper presénted before the eighth annual convention of the Society, 
September 20 to 24, 1926. Of the authors, Dr. Anson Hayes is 
of physical chemistry and Dr. H. P. Evans instructor in chemistry, 

College, Ames, Towa, 
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It is well known that iron carbide in white east iro) 
leable purposes is metastable throughout the entire criti 
In the case of pure iron-carbon alloys, however, this fac 
been established. At temperatures slightly below 207 
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Fig. 1—TIron-Carbon Equilibrium 
Diagram, 


Fahr. (1134 degrees Cent.) iron carbide is known to be metastabl: 


ap! 


Honda states, however, that pure iron-carbon alloys will not ; 
itize below 1652 degrees Fahr. (900 degrees Cent.). Schwart: 
held a sample at 1652 degrees Fahr. (900 degrees Cent.) for 0\ 
2000 hours with no indications of graphitization. A search of t! 
literature yields no report of graphitization below 1652 degrees 
Fahr. (900 degrees Cent.) 

Maxwell and Hayes, however, in work done in this laboratory 
established the fact that iron carbide is metastable at temperatur 
of 1202 and 1292 degrees Fahr. (650 and 700 degrees Cent.). Thes 
facts would indicate either that iron carbide is stable in the temp 
ature interval 1292 to 1652 degrees Fahr. (700 to 900 degrees 
Cent.), or that if metastable, it exists in a very persistent metasta 
state. 





THEORETICAL DISCUSSION 





The results obtained were for iron-carbon alloys containing 
small amounts of impurities. The analysis of the alloys accompanies 
the results. While no claim is made that the alloys are pur 

very low value for the impurities present should produce be! 








‘Journal, American Chemical Society, Vol. 48, page 584, 1926, 
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ing very closely that of pure iron-carbon alloys. With 

axe ts in mind, consideration of these alloys will be resumed 
them pure iron-carbon alloys for the sake of convenience. 

it was evident at the outset of the investigation that iron 

if metastable in this temperature range existed in a very 
sistent metastable condition. An attempt was made to estab- 
sh the optimum conditions for the breaking down of iron carbide 
ossibly by exposing it to the action of some catalytic agent which 
lid hasten the rate of decomposition. Hayes and Scott*, in work 

. in this laboratory, showed that in the case of white cast iron 

i temperature of 1701 degrees Fahr. (927 degrees Cent.). carbon 
xide-carbon dioxide mixtures at a pressure of 5 atmospheres 


eased the rate of absorption of free iron carbide nearly 100 






















The following reactions may be considered to accurately 


present a possible mechanism for the graphitization of pure 
ron ‘arhbon alloys below the eritical range. 





(1) 2CO=C4+CO, 
(2) 3Fe (alpha) + 2CO Fe,C + CO 
(3) Fel 3 Fe (alpha) + © 


The fact was pointed out by Schenck that the net result of re- 
tions (1) and (2), 1. e. reaction (1) proceeding toward the right 
nd reaction (2) toward the left, is the equivalent of reaction (3) 


oceeding toward the richt. 







Now if we let 4 F,, 4 F,, and A F, represent respectively the 
lange in the free energy content (the change in the value of the 
ibs Zeta function, for a more complete discussion of which see 
hermodynamies’’ by Lewis and Randall, MeGraw-Hill) aeceom- 


paying each of these reactions when proceeding from left to right 














ne) 
t 
L 







he second law of thermodynamics demands that 4 F, — A F, 


} ; If this were not the Case, a eyelical process involving re- 










‘tion (3) proceeding in one direction and of reactions (1) and 
-) SO as to carry out the equivalent of reaction (3) in the opposite 
direction, could be carried out in such a manner as to accumulate 
n indefinite quantity of available energy. Thus, to be more spe- 

assume that reaction (3) represents a spontaneous process 
When proceeding from left to right and that during the breakdown 


one formula weight of the carbide, a quantity of available 









\ Foundrymen’s Association, vol. 33, p. 574 
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energy 4 F, is stored up and that this quantity of energy 
than 4 F, — 4 F,, which latter quantity represents the 
energy stored up when the same change is earried out 
of reactions (1) and (2). 

Under such a set of conditions, it would be possible 
portion of the energy 4 F, to produce a formula weieh; 
earbide Fe,C from carbon and alpha iron by means of the | 


\\ ( 


actions (1) and (2) earried out in the reverse direction. Wh. 


is accomplished, all of the various substances are in the 0) 
ava 
energy represented by the quantity 4 F, — (4 F, — A fk 
conclusion thus reached is that 4 F, = (4 F, — A F,), 


condition and as a net result we have gained a quantity of 


The mass law equilibrium constants for reactions (1 


(2) may be represented by the following expressions: 
K, = : and K, 


where P represents the partial pressures of the carbon m 


~ 


and carbon dioxide at equilibrium with the solid phases for rea 
tions (1) and (2) respectively. 

Now 4 F, = —RTiInK, and 4 F, —RTInK, where 
reactants are brought into the reaction at unit pressure and where 
the products of the reaction are removed at unit pressure (\ 
Lewis and Randall, ‘‘Thermodynamies’’, MeGraw-Hill), and whe 
R is the molal gas constant and T is the absolute temperature. 

Krom these relations it follows that 


AF,= AF, \ F; RT (Ink, ~~ Ink, ). 


If reaction (3) is a spontaneous process 4 F, must be negativ 
i. e., the free energy content of Fe,C must be greater than that 0! 
3 Fe(alpha) + C. This in turn requires that 

P, P 


- - 8—-COe . i—CO 
K, is less than K, or that - 3 is less than 


2—CO 1—CO 
if the total pressure is constant at one atmosphere, this requires 
that P,—CO, < P,—CO, and that P.—CO > P,—CO. 
Above the critical range Fig. 2, which is taken from Scien 
and which represents the results of equilibrium studies of Mats 
bara, requires that the carbide in pure iron-carbon alloys be sta)! 
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\yzention should be called to the fact that at these temperatures, 
partial pressure of carbon monoxide is higher in equilibrium 
th arbon than it is in contact with saturated austenite and free 
«on earbide. Also, the partial pressure of carbon dioxide is greater 


I 





100 
















600 700 800 900 4000 


Temp Deg Cent 





Fig. 2—Gas Equilibrium Diagram. 












in contact with iron earbide and austenite than with carbon. 

That this condition of pressure gradient exists when iron car- 
ide is the stable phase in pure iron-carbon alloys may be shown 
rom a consideration of the changes of state necessary for the 
formation of one formula weight of Fe,C from the gamma iron of 
iustenite and earbon as follows: | 
e3 













2cCO=C+ CO, 







’ ca : ‘ ‘ rT’ ” 
ree energy change .F, RTink,. 
2) 3Fe (gamma in Fe,C austenite) -+ 2 CO Ke,C + CO, 
ree energy change AF RTInk,,. 
3) 3Fe (gamma in © austenite) 3 Fe (gamma in Fe,C austenite). 
ree energy change AF; 


\ddition of (2) and (3) minus (1) gives 





(4) 3Fe (gamma in C austenite) + C eC, 
ree energy of formation of iron carbide =4F,. 
Or, OF, = APF,— AF, + OF, = RT (InK, — InK,) + OF 







Now if Fe,C is the stable phase, the free energy content of 3Fe 
gamma in C austenite) plus the free energy content of 1 C (in C 


austenite) is greater than the free energy content of one Fe,C im 








The expression ‘“*(C austenite)’’ and “(Fe ,C austenite)’ are used to represent 
ited with carbon from carbon and from FesC respectively. 
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the free state, i.e. O Fy, is negative. Furthermore, |: 
positive. This latter conclusion may be reached as foll: 

The solubility of a constituent from a metastable syst 
ways higher than from a stable phase. If Fe.C is the sta! 
austenite saturated with carbon from carbon contains mo) 
than does austenite saturated with carbon from Fe.C. 'T 


the ease, the concentration of gamma iron (in © austenit 


vill 


= a 
co 
Fig. 3—-Gas Mixture Acting as a 


Carrier of Carbon in Graphitizing 
Process 


be less than it is in (Fe,C austenite). Since energy is re 
transfer a constituent from a lower to a higher concentratio: 
Ik’. is positive if Fe,C is the stable phase. Going back to a 
sideration of the relation 
F,= AF,—AF,+ AF, = RT (InK, — nK,) 
the following conelusion may be reached. 
kK is negative since Ke,C is assumed to be the stabli 


and J\ F, is positive, therefore 4 Kk must exceed the sum ot 


from which it will be seen that a pressure gradient of CO shou 
exist from earbon to Fe,C and of CO, in the opposite direction. 


Considerations exactly similar to these will show that if Fe, t] 





co 


Fig. 4—CGas Mixture Acting as a 
Carrier of Carbon in Carburizing 


Process, 


is assumed to be the metastable phase, K, is less than K, or tl 


tion of the pressure gradients are reversed. 
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the above treatment it is to be expected that if iron con- 





carbon near the saturated value is permeable to a gas mix 


‘arbon monoxide and carbon dioxide, these gases should 


the graphitizing process if 


he 


( ‘ 


IS 


metastable. 


Fig 
4 


*» 
o> 


the gas mixture acting as a carrier of carbon from cementite 


Ol 


1 spot. 


\ consideration of the mechanism by which this gas mixture 


\ 


| 


reach 


will show definitely that a gas mixture richer in carbon mon 


than that corresponding to the equilibrium value for carbon 


with ear 


f 


ne 


um 


h) 
he 


} 
) 


‘ 


see Mic. }. 


rig 


brium with Carbon and 
Alpha Iron and Iron Carbide 


} 


Compositions 


then, a pure iron-carbon alloy 


value with carbon. 


‘arbon according to Fig. 


*) 
>. 


bon either from cementite or carbon. 


an equilibrium value with carbon. 


iron carbide to iron and carbon monoxide. 


, monoxide would convert iron into free iron carbide and that 


‘arbon monoxide content less than that corresponding to equi 


| introduce carbon into austenite saturated with carbon from 


It also indicates that a still higher value of 







brium with carbon would oxidize carbon from a sample saturated 


he subjected to a gaseous 
ture, keeping on the carbon dioxide side of equilibrium values, 


is to be expected that at some depth in the piece the gas mixture 


In the exterior of 


the 


he piece the excess carbon dioxide will act as an oxidizing agent, 
12] As 


mixture diffuses into the piece, the carbon dioxide in contact with 


Vas 


ron carbide will continue to pick up carbon, by forming earbon 
monoxide, until at a certain depth the gas mixture reaches an equi- 
Immediately beyond this point the gas 


\ttire should catalyze the breakdown of cementite and the forma- 


following experimental work was carried out in an at- 


© get more definite information in regard to the stability 
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of iron carbide in the temperature interval from 1472 degrees Fah, 
(800 degrees Cent.) to those where the work of other investivatox 
has definitely shown the metastable character of this compoyna vas 
In Fig. 5 is shown the carbon monoxide content of the cart, 
monoxide and carbon dioxide mixtures in equilibrium with cearho 
over the temperature range 1202 to 1832 degrees Fahr. (650 to 100 
Wit 
ont 
ippl 
VSS 1S 
N N \d 
N F N | 
N N 10 ft 
— N | | 
. 
A Nsss fy 
—— trol 
S . 
C ib iH ' bla 
} ~ P wit! 
| L pho 
4 nel 
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ll 
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an 
Fig. 6—Apparatus for Annealing Under Various Pressures of Ca | 
Monoxide, Carbon Dioxide Mixtures A—Carbon Dioxide Tank, B and ¢ 
Pressure Regulator, D and H—Calcium Chloride Drying Towers, F-——Muffl ste 
Furnace, Set on End, E-—TIron Pipe, Packed with Carbon, G—Potas 
Hydroxide Tower, I-—Silocel, K—Sampie, Packed in Graphite, J—H g Vy] 
Element, L—Gas Cock, P—Observation Tube. 





degrees Cent.) and at pressures of 1 and 5 atmospheres as giv 
in data from work of Rhead and Wheeler®. 

The values for temperatures below 1472 degrees Fahr. (5! 
degrees Cent.) were obtained by extrapolation from the highe 
temperatures where experimental determinations were obtained }) 
Rhead and Wheeler. In this extrapolation the change in thie heat 
eontent 4 H of the reaction 





2 UU C + CU 






was taken as —41950 calories and the equation 


‘Journal, American Chemical Society, Vol. 99, page 1140, 1911, 
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APPARATUS AND METHOD OF PROCEDURE 
ith carbo : ™ , : . 
et The apparatus shown in Fig. 6 was developed in which gas 
ow to 100 mixtures of varying ratios of carbon monoxide and carbon dioxide 
ontents eould be obtained and in which those mixtures could be 
applied to the sample at pressures up to 100 pounds per square inch 
nd at temperatures up to 1832 degrees Fahr. (1000 degrees Cent.). 
\ description of this apparatus and the manner of operating it 
follows. 

A is a carbon dioxide tank, B is a pressure gage and C a con- 
trol valve. D and H are drying chambers made from two inch 
black pipe eighteen inches long, threaded at both ends and fitted 
with caps. These chambers are filled with calcium chloride and 
phosphorus pentoxide. The carbon chamber E is made from three 
inch black pipe, three feet long, threaded at both ends and fitted 
vith eaps. This chamber is filled with carbon. The lower end is 
tilled with loose gas carbon and the part exposed inside the muffle 
furnace F is packed with powdered wood charcoal or graphite. A 
thin laver of gas carbon is packed on top of this. This tube is 
filled only to the point at which it emerges from the furnace at the 
top. G is a chamber, similar in size and construction to D and H 
and in some preliminary runs was filled with a 35 per cent solution 
{ potassium hydroxide to absorb any great excess of carbon dioxide. 
| is the pressure furnace. It is made from a piece of ten inch 
steam main, eighteen inches long, threaded at both ends and fitted 
vith companion flanges. The ends are closed by bolting copper 
plates between the flanges at each end. A rubber gasket between 
the plate and the inside flange serves to make the chamber hold 
| | pressure up to 100 pounds. In the center of this chamber is placed 
ahr. oe a twelve inch heating element J. This is held in place by a silocel 
he oe packing and heat insulator. The gas mixture is led in through 
tained b} the rear plate directly to the end of this element. The end of the 

element is closed with ‘‘transite’’ board washers. The element is 
heated by 110-volt alternating current and the temperature con- 


rolled by placing rheostats in the cireuit. K is a nickel receptacle 
vith an iron lining on its upper surface. The sample is placed in 
tus and packed with finely divided carbon, graphite or wood char- 
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coal, leaving only the end next to the observation tube | 


LONE 


The temperature is recorded by means of an optical | 


yromete) 
focused through P on the sample and is also checked by ay jy 
constantan couple which was inserted through the rear plate of th 
furnace. This couple was attached to an automatic recorder, ), 
stopcock L is left partially open during the anneal and the ox 
mixture burned at this point. At frequent intervals samples of the 
gas were withdrawn here, collected over mercury, and analyzed 












for carbon monoxide and carbon dioxide by use of an Orsat 
analysis apparatus. 


re 
= Gs 


The sample to be annealed was placed in K and packed with 
carbon as described. The receptacle was placed approximately jn 
the center of the heating element and the front plate and flange 
bolted on. Transite board washers with a one-fourth inch hole were 
used to fill the end of the heating element. They prevent consider 
able radiation and are specially necessary in annealing long 
samples. 

As soon as the proper pressure was reached the current was 
turned on in the pressure furnace without any resistance in the 
cireuit when starting. It required about fifteen minutes for the 
sample to come to dull red heat at this rate, and about twenty 
minutes longer to reach 1701 degrees Fahr. (927 degrees Cent. 
By adjustment of the rheostats this temperature can be accurately 
maintained for any given length of time. 










On cooling it requires 
twenty-five to thirty minutes to cool from 1701 degrees Fahr. (92% 
degrees Cent.) down to dull red heat again. 


PREPARATION OF ALLOYS 















Pure iron-carbon melting Armco 


iron and pure Acheson graphite. The iron was cut into dises fron 


alloys were made by 
rods, and the graphite was finely divided. Weighed quantities ol 
the iron dises and graphite were placed alternately in a magnesia- 
lined graphite crucible and melted in an induction furnace. The 
magnesia linings were made from highest purity magnesium oxide 
The alloy was held in the molten state for one-half hour to insure 
uniform composition. The alloys prepared weighed approximatel) 
100 grams and on microscopic examination proved to be free fron 
graphitic carbon. A representative analysis of the alloys gave 
following composition : 
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hed in Nitric Acid. 90x. Fig. 9—Sample 1. Center of Piece. Etched in Nitric 
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Sulphur Silicon Phosphorus Manganese 
0.025% 0.022% 0.0045% 0.045% 





EXPERIMENTAL DATA AND DISCUSSION 





Sample I: The original sample on which treatments beloy 


were made is shown in Fig. 7. It consists of free cementite anq 
pearlite. In Figs. 8 and 9 are shown the results of a 5-hoy 
anneal at 1701 degrees Fahr. (927 degrees Cent.) under a pressure 









of ® atmospheres in a carbon monoxide—carbon dioxide mixture 
whose composition varied during the run from 80 to 85 per cent 
carbon monoxide. The samples were etched in 5 per cent nitric 
acid in alcohol. ‘There was complete absorption of free cementite 
almost to the center of the piece. In Fig. 8 is shown the structure 
at a depth of approximately ;*; inches. Absorption of free cemen- 
tite is complete and considerable bull’s eye structure is evident, 
In Fig. 9 is shown the structure at the center of the piece. 
comparison of this figure with the original shown in Fig. 7 shows a 
marked absorption of cementite and deposition of temper carbon. 








Sample Il: The original sample on which treatments below 
wena made is shown in Fig. 10. This sample is similar in structure 
to that of Sample I. In Figs. 11 to 16 inclusive are shown the 
results of a 27-hour anneal at 1517 degrees Fahr. (825 degrees 























Cent.) + 25 degrees under a pressure of 5 atmospheres in contact 





with a carbon monoxide—carbon dioxide gas mixture containing 
2) per cent carbon monoxide. From Fig. 5 it will be observed 
that at 1472 degrees Fahr. (800 degrees Cent.) the equilibrium 
value for CO in a CO — CO, gas mixture in contact with carbon 
under a pressure of 5 atmospheres is sliglitly above 60 per cent. 
This experiment, therefore, was carried out on the CO, side ol 
equilibrium values, i. e., in a slightly oxidizing atmosphere. This 
sample which was in the form of a short rod, was polished on the 
side rather than on the end. By repeated removal of thin sections 
the course of graphitization could be traced into the interior of 
the sample. 



































In Fig. 11 is shown the structure toward the exterior of the 
piece. As is to be expected, the matrix shows hypoeutectoid strue- 
ture. There is very little evidence of bull’s eye structure. Carbon 
had been thrown out and has not been completely removed }) 
oxidation. As the examination proceeds toward the interior of th 
sample, the structure approaches that of a eutectoid matrix. -\' 
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Fig. 15—Still Greater Depth. Unetched. 90x. 


Fig. 16—Near Center. Et \ = 
in CO-COz, Mixture Unde \t : 
-1000° Cent. Packed in 


Acid. 90x. Fig. 17—Graphitized at 900-1000° Cent. 
Pressure. Fig. 18—Attempt at Graphitization at 900 
at 1 Atmosphere Pressure. 
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approximately ;'; inch the bull’s eye structure, as shown 

12 has developed. The structure of the matrix at this depth 

. yery slightly hypoeutectoid. The composition is therefore very 

Jose to that one would expect for pure iron-carbon alloys of iron- 
arbon eutectoid composition. 

The work of Hayes and Flanders’ on white cast iron eompo- 
sitions indicates that bull’s eye structure is produced during the 
peration of the iron-carbon eutectoid. The fact that similar strue- 
tures were obtained in the present work may be considered evidence 
of the operation of an iron-carbon eutectoid in pure iron-carbon 
loys, if the temperature at which this point should oeeur is very 
near 1472 degrees Fahr. (800 degrees Cent.). Sinee the method 
of treatment is such as to make certain that at some point in the 
alloy compositions of austenite corresponding to that of the iron- 
arbon eutectoid must be produced, it is also possible that some 
of this bull’s eye structure may have been formed while cooling 
the sample. In this case the conclusion would be reached that the 
temperature of the iron-carbon eutectoid in pure iron-carbon alloys 
s somewhere between 1328 and 1472 degrees Fahr. (720 
s()0) degrees Cent.). 


and 


In Fig. 14 is shown the structure of the unetched sample at 
the same depth as Fig. 12. Abundant carbon spots are in evidence. 
lron carbide is not encountered until a considerably greater depth 
is reached. In Fig. 15 is shown the structure in this region. 
Considerable unabsorbed free cementite is evident, as is also temper 
arbon. In Fig. 16, which is etched, is shown the structure at 
i still greater depth. Carbon spots are still very numerous in the 
pearlite areas. The structure shown in Figs. 15 and 16 continues 
io the center of the piece with slightly increasing free cementite 
dleas, 


CONCLUSION 


The experimental data presented in this paper shows that iron 
carbide in the alloys used in this investigation is metastable at 
temperatures of 1562 degrees Fahr. (850 degrees Cent.) and above 


in the presence of a slightly oxidizing mixture of CO and CO,: 
i. 


a pressure of 5 atmospheres. 
The question may be raised as to whether or not a shift from 
‘stable to a metastable condition may have resulted from the in- 


! ions of American Society for Steel Treating February, 1924, page 183. 
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creased pressure of 5 atmospheres. This, however, cou! 

the case if graphitization is accompanied with a decreas, 

volume. To answer this question a piece of an alloy o| 

composition was annealed under pressure of this gas mixtiipe 

temperature near 1875 degrees Fahr. (1080 degrees Ceni 

17 shows the resulting structure. Densities were determined 

fore and after this treatment with the following results 
Density of alloy before 


graphitization 
7.80 


Density of alloy aft 
graphitization 


1.66 


































Since an expansion accompanied the partial graphitizatio, 
this alloy, it is evident that the increased pressure would 
hinder rather than to assist graphitization. 


Tend ¢t 


Fig. 18 shows the result of a treatment of another a! 
essentially the same composition. This treatment was c: 


arried | 
by packing the sample in pure graphite and in air at one at» 
phere, using the same length of time and the same temperat 
interval. 


The acceleration of graphitization brought about by the ¢ 
mixture used at 5 atmospheres is evident. 

There is, however, an additional possibility. It may be 
the metal absorbs sufficient quantities of CO at the high press 
to appreciably lower the chemical activity of the iron and the carbo: 
which results from the decomposition of the iron carbide. 
kind of behavior might make the carbide metastable at 5 atmos 


pheres, and allow it to be stable in the presence of the 
at one ‘atmosphere. 


Vas MINT 


In order for such a condition to exist it can be shown tha! 
rather large volumes of the gases must be dissolved in the meta! 
Measurements of the volume of gas absorbed at one atmosphere hav 
been made and they are quite small. Data is not available as to tli 
quantities of CO which are absorbed by iron at the higher pressur 

It is, therefore, only possible to say that at 1652 degrees Kuali 
(850 degrees Cent.) and higher, up to about 1875 degrees Fall 
(1080 degrees Cent.) these rather pure iron carbon alloys of abou 
2.34 per cent carbon graphitize when in contact with suitable ses 
mixtures of CO and CO, at a pressure of 5 atmospheres. 

It is worthy of note that the alloy shown in Fig. 18 which 
annealed in a carbon pack in air at a temperature of 1S/9 
grees Fahr. (1080 degrees Cent.) shows temper carbon towar’ 
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‘nner portion of the decarburized rim. This is exactly 
vhat is to be expected if iron carbide is the metastable phase at 
‘hese temperatures. This is exactly the same type of behavior as 
vas obtained at temperatures below 1652 degrees Fahr. (900 de- 


wmooe Cent.) when the pressures of 5 atmospheres were used. 


SUMMARY 


lron-earbon alloys of rather high purity have been graphitized 
n the presence of a gas mixture of CO and CO, at a pressure of 5 
atmospheres within the temperature interval 1292 to 1875 degrees 
Mahr. (700 to 1080 degrees Cent.). 


THe AUTHORS 
Dr. Harry P. Evans received his Ph. D. degree 


in June, 1926, and is at present an instructor in chem 
istry at Iowa State College. 
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VS ot aho I] 


DISCUSSION 


H. A. Scohwartz: I am not familiar with all that is in Dr. Hayes’ paper. 


rom his presentation I believe that his experiment was conducted at high 
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pressures, and therefore, of course, this 
of the carbide. 





May | inquire of Dr. 











information as to whether that reaction 


Was 





W 
it possible to make that graphitizatic 
or did he find the result, frequently 
start. 


























Dr. HAYEs: 
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Dr. HayEs: 








We can get surface gra 





but | think the reason it fails to catalyze 
penetration of the metal by the 





guses is toc 








HM. A. Scuwarrz: Then |] would adi 





rection to an inadvertent misquotation of a 








ago, 








it, washed 











yraphitization took place in 2000 hours at 
Cent.). 











It is not a perfectly pure alloy, but 














It was not clearly understood at that time 
until it contained 5 | 











dispose of the idea that no reactions wanted 











enused, Or 
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stance, it was suggested that 











is nonstable. 











as this, whieh is hypotheeated, can actually 





Secondly, | gather from the presentatic 





mixture accelerates or catalyzes the graphiti 




















Dr. O. E. Harper: I would like to ing 
this catalyzing reaction with g1 

















formation of an iron carbonyl compound ? 





welding in atmospheres of carbon monoxide 


some indication of the formation of iron ear 




















reaction. 
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We made it go very readily above 900 


\t atmospheric pre 


We referred to the fact that we had heated white 


chromium, otherwise it is about parallel with these. 


that because the reaction did not start was no 1 


that | agree thoroughly with Dr. Hayes that the cementite 


there is this one observation that bothers us as to how that 
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lL. Hoyvr: I cannot add anything experimentally, but 


may be 


CO, actually goes from one place j 
to another, and at temperatures above 900 degrees Cent. CO 


take place, 


m of the paper thi 


‘eason it did not \ 


ally completely over 
temperature, so the question that arises in my 
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carbon monoxide or earbon dioxide producing sufficient nuclei 


start the reaction off, and the reaction once having | 


een started 


it might then possibly proceed in the ordinary way, 


uire if Dr. Hayes, 


In certain work we 


and earbon dioxide 


ot 
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occurred to me that this might possibly be accounted for on the bas 


Im cor 
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bonyl. Such a compound 


been recognized in the literature, and we do not know of its existen 
would like to know what Dr. Hayes thinks about that 


graphite, has considered the possil ility 


as a possibility 
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indeed how any carburizing with carbon oceurs unde: 
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Hayes: L have not considered the formation of iron carbonyl, neither 
whether that equilibrium waits to be established between the gases 
ts completely over to the carbon spot from the iron carbide spot, or 
is continually being shifted as it goes along through the austenite, 
course, is varying in carbon as it goes through. So, as far as the 

of this thing of the second law of thermodynamics is concerned, 

ot matter whether the mechanism I have suggested is the one or not. 
of the possible ones, and as long as there is a possible violation of 

nd law of thermodynamies I feel fairly safe in concluding that iron 

; metastable when this gas mixture catalyzes it. | mean, it is meta 


the presence of these gases at 5 atmospheres, as | stated in the 


eonection with the last discussion that was made, in this work we 
establish the fact that the effect of 5 atmospheres pressure alone 

not have shifted iron earbide from a stable to a metastable condition, 
ran experiments to show an expansion takes place when graphitization 
ice, Which shows it would hinder instead of promote graphitization. 
not conduct any graphitization experiments as such, below the critical 
Perhaps you noted a paper published in the Journal of the American 
ical Society in which we obtained the free energy of formation of iron 
it 650 and 700 degrees Cent. and noted that positive free energy 


ro to 


on, was decreasing rapidly as we go up. Whether that might g 
nd enuse it to be stable around 750 and 800 degrees Cent. is more than 
ible to say. That is the reason I refrained from drawing conclusions. 
well known fact that iron carbide will graphitize under some conditions 

ire alloys and will not graphitize under others, which suggests it must be 
ry close to the dividing line between the metastable and stable condition, 
| am wondering if it is not possible that there is a reaction like 

s carbon dioxide reaeting with iron to form iron oxide, the iron oxide dis 

into the austenite might lower the activity of iron in the austenite to 
degree as to render the iron earbide metastable in the presence of these 
when it would behave as a stable body in the absence of it. I refrain 

m drawing conclusions on that, also. 

We did not prove as much as we had hoped to prove when we started, but 
have to report that we graphitized pure iron carbon alloys under conditions 

t had not been reported before. 

Dr. S. L. Hoyer: The seeond law of thermodynamics tells us absolutely 
ng about the mechanism of a reaction. It relates only to the energy rela 
hips that eall for that reaction. Dr. Hayes suggests a mechanism of which 
s only one possible mechanism. Now, as I interpret that, CO molecules 
migrate through it and CO, molecules must migrate through the lattice. 
in conceive of carbon migrating fairly readily through the lattice, but 


en it comes to moleeules such as CO or CO, migrating I must admit it is 


eyond my conception. My question is how does Professor Hayes conceive 


mechanism reaction to take place? 
Dr. Haves: I believe that it is not necessary to assume that the gas 


es the lattice to any great distance as T believe that the CO-CO, ean 


otrat 
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act as a carrier in the grain boundaries; that combined with the dif 
carbon as such might account for considerable of the catalysis. | 
that suggestion. We know this is what takes place in the carbonizin, 
and we know they are in the malleableizing process. 

There is an additional statement which I wish to make in reg 
last remarks of Dr. Hoyt. It is that the chief value of the method o} 
dynamics is that it is not necessary to know which of a number 


OT 


mechanisms is the one that is really effective in bringing about a change, Po; 
if a treatment of any one of these possible mechanisms can be made, the res 
of this one mechanism must be the same as that of any other of the possi 


mechanisms. Thus the purpose that has been served by the treatment 
mechanism suggested in the paper is that it has enabled us to pr 
results of the application of this gas mixture under the conditions, first 
iron carbide is stable and second that it is metastable. From thx 
tained the conclusion is reached that iron carbide is metastable. 


It was not the purpose of this paper to establish the mechanism that 
most effective in catalyzing the graphitization. What was attempted was to 
arrive at conclusions in regard to metastability of the carbide. 

The writer does not claim to know what the mechanism is. It may be tl 
the metal has the property of condensing small amounts of these gases or ot 
the products of their dissociation within it in some such manner as palladiun 
acts upon hydrogen gas, or it may be that an unstable compound such as iro! 
earbonyl forms and moves through the metal; a eycle of chemical reacti 


Y 
< 


may occur between these gases and the constituents of the metal carrying th 
earbon and oxygen of these gases through the metal, or it may be any othe: 
mechanism whatever. 

What thermodynamics enable us to say is that if a gas at equilibriw 
develops at any point in such a system, the composition of the gas phas 
must be such as to conform to the partial pressures required by the mechanisn 


treated in this paper. Reference to Fig. 5 will show that at 900 degrees Cent 


there should be 16 per cent of CO, and at 1000 degrees Cent. 5 per cent at 
atmospheres of this gas mixture at both of these temperatures. 

In regard to the observations which Mr. Schwartz has given in regard t 
wash metal absorbing up to 5 per cent combined carbon, the statement may bh 


made that chromium is known to be a powerful stabilizer of iron carbide. bi 
fore any great amount of effort is made at explaining this unexpected behavior 
it would be well to verify the results in an alloy whose composition is known 
However the writer will venture the statement that if carbon migrates from 
earbon to this alloy in the presence of a gas phase of CO and CO, that eq 
librium studies of the gas phase in contact with the carbon in one case al 
with the wash metal containing less than 5 per cent carbon in the other will 
show values for the gas compositions which will make possible the existence 0 
a pressure gradient of CO from carbon to wash metal and CO, in the opposit 
direction. 

The only claims made here are that the iron carbide in the alloys wit! 
which we worked is metastable. 
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HIGH SPEED STEELS 
A. H. 





LANTSBERR\ 





Abstract 


























The author sets forth and describes in thas paper the 
hnique of varltous methods of producing high speed 
els in England, America and Germany. He parte 
uly describes the methods and Processes used an 
Shefield, England, in the making, composition, working, 
irdening, tempe ring, and theory of high speed steels. 

The writer is of the opinion that the modern tendency 
s to produce high speed steels in the electric furnace 
here re fining operations make posstble the use of an 
rior raw materials and results in greater mass pro 

tion, but that the crucible process is favored in his 

works mn Sheffield because of thre rnalre re nt quality of thre 
eleel which results in a more uniform product m small 
quantities. 
7 Comparative analyse Ss of English, American and 
German high speed steels are shown ina table. In Eng 
land high speed steels are classified according to their 
tungsten content. In Germany the tendency ws to a 
Crease the chromium conte nt of this commodity wn con 
parison with English steels. 

Attention is also called to the fact that on account o/ 
possessing four different types of hardness, namely: im 
trinsic hardness, carbon hardness, red hardness, and 
secondary hardness (all independent of each other), high 
speed steel is di interesting product, for if can, on 






count of its adaptability, he put to multifarious uses. 











bi the production engineer, high speed steels are of enormous 
importance, for it is only with their aid that he can main 
tain the high rates of production which are essential features 


of modern engineering shops. High speed steels were gradually 






developed from the straight carbon steels, and their birth really 
took place when the experiments of Mushet culminated in 15860 











in the production of a self-hardening steel. This material had 
little in common with the modern high speed steel, and was, in 
fact, more of a curiosity than one of use. It was in reality more 
of the nature of a tungsten east iron than of a steel since its 

\ paper presented by proxy before the eighth annual convention of the 


at Chicago, September 20-24, 1926. The author, F. C, A. H. Lants 
s managing director of William Jessop & Sons, Ine., Sheffield, England 
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carbon content was well over 2 per cent, 
the material was centered in the 4 


and the rea] 


fact that after heati) 
heat, quenching was not essential to effect hardn 


properties were not m: iterially better than those 
earbon steels. In 1900 Taylor and White discovered the 
of red hardness of the tungsten alloys. 
improvements 
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Since that time th 
in high speed steels have been very grad 
have been directed toward the ability to 


rather than to increasing cuttin: 














eut harder » 


g¢ speeds, although there 
a distinct improvement in the capacity 




















for removine 








MANUFACTURE oF Hiqgn SPEED STEEI. 











High speed steels are usually made in erueible and 
furnaces, the operations of both are so well 


description is unnecessary in this paper. 





known that 





The modern tende 
is to produce high speed steel in electric furnaces. by 

author’s works in Sheffield. England, the practice is { 
the old crucible process, particularly 
tions when orders are small. In 








() aane 

















under present-day eon 











passing, it may be rema) 
that the present-day tendene y to order in small quantities js 


altogether due to trade conditions. et: is largely | 
by a determination on the part of steel users to 
smaller stocks so that to the steel maker, and 
tool steel maker, there is a great potential d 
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operate 


partieularh 








anger of the tende) 





becoming a permanency even when 





conditions in the tool st 








trade have again become normal, 
Undoubtedly, the costs of erucible 














melting are apprec 
higher than those of electrie furnace melting; the actual 
will, of course, vary for different districts, but their 
be of the order of 3 to 2. There must, 
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ratio 








therefore. he reasons 
other than those of the ability to produce in smal] quant AS 


which have determined the adherence to the old crucible proc 
In the electric furnace, excellent opportunities are afforded 
refining operations so that cheaper and inferior raw 
ean be used. In fact, the electric furnace could only get a 

hold in the tool steel industry because of the diffieulty of obt 
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during the war period. The crucible process demands thi 


of raw materials of the highest degree of purity so that 
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HIGH 





SPEED STEELS 
product has of necessity certain inherent qualities which 
to be found in the electric furnace product. 
‘in, since the greater number of the electric furnaces in use 
are type, the operations can only be carried out under 
ns which are extremely difficult of control and occasional 
tine is unavoidable. These difficulties are not met in the 
process which, over a lone period of time, undoubtedly 

os » much more uniform product than the electric furnace. 
'o the steel user, therefore, an account of the type of ‘‘mix”’ 
sed and a deseription of the technique of melting high speed steel 
rucibles will be of considerable interest. <A typical original 
ayve for making an 18 per cent tungsten high speed steel is 


S follows: 





















‘Sy pounds .......Swedish Bar Knds 
y pounds .....small Swedish Scrap 
91, pounds ....... Washed Metal 
11% pounds ....... Tungsten Powde) 
ee Chromium Metal 
(01, ounces ....... FMerrovanadium (35 per cent). 






Naturally, after the manufacture has gotten into its stride 
‘vap is produced and this is used to replace the small Swedish 

» in subsequent mixes. 

These materials are charged simultaneously through a long 
sheet steel hopper into the pot already heated in the furnace, 
nd melted down in precisely the same manner as used for car 
on steels. The melting operation takes from 4 to 41% hours. 
3 


ifteen minutes before melting is complete, from 1 to 3 ounces 


‘ferromanganese and about 2 ounces of ferrosilicon are thrown 
nto the pot. When melting is complete, the pots are lifted from 
the furnace and a pill of aluminum is added to each pot. They 
ire then teemed singly or the contents of a predetermined num 
er of pots are combined according to the size of the ingot re 


juired. Sinee the surface condition of the ingot is of enormous 











mportanee in the subsequent mechanical operations, special pre 
autions are always taken to insure that the inner surfaces of 
the mold are smooth and clean. 

Sheffield practice has invariably been to introduce the tung- 
‘ten from tungsten powder rather than from ferrotungsten. Ex- 
rience has shown that the use of ferrotungsten does not pro- 


{ 
A 


‘e such reliably uniform results as the use of powder because 
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of the variation in the composition of ferrotungsten. 
ations will not affect the process of electric melting to anyth) 
like the same extent, because of the refining operat Fact, 


LOnsS 
by this process. In the crucible melting process it is not 
that tungsten powder makes better high speed steel, but ¢ha; 
gives a much more uniform product over a long period of 
The melting losses are 10 to 12 per cent of 
30 to 40 per cent of the vanadium 


chromium is practically nil. 


the tungsten. 
added, while th 


LOSN 





COMPOSITION OF HIGH SPEED STEEL 


In England, high speed steels are usually classified 
ing to their tungsten content as:— 

















l4 per cent Tungsten Steel and 
IS per cent Tungsten Steel 


Both grades have their specific uses, the 14 per 


cent Class 
finding use in tools in which the ability to resist 


stresses Is at 
least of equal importance with cutting properties such 
example, twist drills and also for tools such as reamers 


as, [0 


and dies 
in which the requirements are resistance to wear rather tl 


utilization of the property of ‘‘red hardness’’. The 


1S per cent 


tungsten class certainly possess the property of cutting und 


more strenuous conditions, but are more brittle and should o 
be used where the cutting edge ean be properly backed up. 
The average compositions of the two classes are as follows: 
















14 per cent Class 1S per cent Class 
he 0.6 to 0.65 0.6 to 0.62 
Tungsten ............ 13.0 to 14.0 16.5 to 18.0 
aa eee 3.0 to 4.0 3.0 to 4.0 
Vanadium ............ 0.25to 0.5 2.29 to 0.5 


During the last few years a third class of high speed stee 
has been introduced into this country, and is generally known as 
the super class. The advantage of these steels is not so much 
that they will cut at higher speeds, but that they will remove 
more metal per grind and are eapable of cutting much hard 
material. They are made by :— 

1. Increasing the vanadium content of the 18 per cen 

tungsten class to about 2 per cent. 






2. The addition of 1 to 2 per cent molybdenum to’an IS 


per cent tungsten steel. 
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The addition of 5 per cent cobalt to the 18 per cent 
tungsten steel, or by a combination of the three. 





\t the same time it is customary to increase the carbon econ 
nt to 0.70 to 0.75 in the super steels. 


Pll 


Tvpieal analyses of these super steels are as follows: 





per cent per cent 


Carbon 0.71 0.77 







TORPIIGE:, kn usces nda cee 19.03 
CRYOMAIWM © ois ces 3.82 3.82 
Vanadium ....... pee ee 1.26 0.64 
Molybdenum ..... ae tes 0.75 
aia, we Ruse vin mista Ride Kear 5.43 



















The principal use of these steels is in the turning of sorbitic, 
vorn and brake-hardened railroad wheel tires. In America the 
4 per cent tungsten high speed steels find very little favor, use 
heing confined almost exclusively to 18 per cent tungsten steels. 
To the author this has always occasioned great surprise, because 
there can be no doubt that for many classes of tools 14 per cent 
tungsten steels are superior to 18 per cent tungsten steels, and 
the author has in his possession a 43-inch twist drill which is 
apable of drilling holes in a 0.40 per cent carbon steel at a pen 
etration equal to 26 inches per minute. Added to this superior- 
ty for certain elasses of work, there is the fact that the costs 
of production of a 14 per cent tungsten steel are about 20 per 
ent lower than those for 18 per cent tungsten steel. 
there is a great similarity between the compositions of American 
ind English 18 per cent tungsten high speed steels, the only 
real point of difference being that in the American steels the 
‘arbon content is 10 to 15 points higher than in the English 


QT eels 
















Generally, 


On the continent of Europe, and particularly in Germany, 
the tendeney is to increase the chromium content in comparison 
vith English steels. 


Typical analyses of German steels :- 





Per Cent 






(eee ee 0.5 0.90 0.7 0.64 
Chromium ........ 5.0 3.1 5.0 1.5 

PO cn 18.0 14.3 16.0 

: tan) 

Vanadium ........ 0.15 LZ 0.5 1.12 
Molybdenum ..... 1.6 0.6 0.70 


Cobalt 
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The following table shows comparative analyses 







American and German high speed steels: 


ENGLISH 








AMERICAN 


14% 18% 
Tungsten Tungsten Super Super 












0.6/0.65 0.6/0.65 0.7 0.8 0.68 0.70 0.88 0.5 
v 3.5/4.0 3/4 3/4 3.8 4.0 3.6 4.3 5.0 
W 13/14 16.5/18 Ls 19 16.2 17.0 18.8 18 Ls 


V 0.2/0.5 0.25/0.5 1.26 0.6 1.3 0.83 1.3 0.15 















WORKING OF HIGH SPEED STEEL 








The mechanical operation of converting high speed stee| 
o : I 1] 





















gots into bars is one which must be carried out with extreme | 
partly on account of the tendency of the material to air-harde 
and produce minute surface cracks, and partly because of t! 
peculiar structure of the material after solidification. The mien 
structure of high speed steel in the cast condition is illustrated 
in Fig. 1. It is seen to consist of grains of decomposed comple 
austenite surrounded by a hard brittle eutectic consisting 
complex austenite and tungstide of iron Fe,W. It was pr 
ously considered that the hard brittle constituent was a tungste 
earbide or a double carbide of chromium and tungsten, but ree 
work of the Japanese school of investigators ably led by |) 
Kotaro Honda, has proven fairly definitely that at least in 
containing over 12 per cent tungsten the constituent is tungs' 
of iron. 

In the working up of high speed steel, it is absolut 
sential that this material should be broken up and eveuly dis 
tributed throughout the mass, and this can only be elfected 
a combination of thermal treatment and ample mechanical wo! 
ing. 

If possible, ingots of high speed steel should never be allowed 
to cool down between casting and the preliminary operatio! 
forging. Ingot stripping should take place when the temper 
ture of the outside of the ingot has fallen to about 1290 deg 
Fahr. (700 degrees Cent.), thus providing ample time for 
plete solidification and the ingot transferred immediately 
reheating furnace where it is slowly raised to a temperatu! 
2190 to 2280 degrees Fahr. (1200 to 1250 degrees Cen! 
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is reduced to a cogged bar under a hammer. All work 
completed at 1830 degrees Fahr (1000 degrees Cent. 
sulting eogged bar is annealed at 1380 to 1470 degrees 
750 to SOO degrees Cent.) and examined for surface de- 
ts. These defects must be carefully ground out before the 
is subjected to any further treatment. It will be ap- 














g. 1--Photomicrograph Showing Ingot Structure in High Speed Steel. Fig. 2—Photo 
g { High Speed Steel Insufficiently Worked. Fig. 3—-Photomicrograph of High 
Steel Properly Hardened. 






preciated that even the slightest surface defect will give rise to 
great deal of trouble in the finished bar. In order to effectively 
lissipate the tungstide envelopes, the reduction of sectional area 
equired is in the neighborhood of 90 per cent. Repeated trials 
ive been made to remove the envelopes by annealing. Owing, 
wever, to the presence of large quantities of elements in the 
on, the rate at which the envelopes are dissolved in the matrix 
s so slow as to render the process commercially impracticable. 
Prolonged annealing even at temperatures as high as 2280 de- 
erees Fahr. (1250 degrees Cent.) has little effect on the magni- 
tude or position of the envelopes. This point is of immense prac- 
| importance to the user of high speed steel because the pres- 
¢ of the envelopes may lead to trouble in hardening. And 
‘ high speed steel users frequently order bars of 6 and 8 inches 
ameter for the purpose of making cutters and then blame 
® Steel maker when the cutter ultimately cracks in the harden- 
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ing or during use. For the dissipation of the envelo 
tudinal extension is not essential, in fact, the ‘‘kneadine 
about by forging blanks is much more effective. 

The microstructure of underworked high speed st; 
ally taken from a cutter which cracked in the hardeni, 


tion) is shown in Fig. 2, from which it can readily be seen } 





the extended envelopes form planes of weakness in the sj 


Ce 
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[Ligh speed steel is an interesting product because 


} 
WOSSPN\ES 


four different types of hardness: 


(a) The ‘‘intrinsie’’ hardness as a result of its 


COT Len 




























of alloying metals 

(b) Carbon hardness as a result of quenching from |o 
temperatures not exceeding 1740 degrees Fahr. (95 
degrees Cent.) 

(c) Red hardness as a result of quenching from ver 
high temperatures 

(d) Secondary hardness resulting from the suitable ten 

pering of samples in which the red hardness | 

been developed. 





In the multifarious uses to which high speed steel is put 
the various aspects of modern engineering production, advantage 
is taken of all these types of hardness, all of which are ind 
pendent of each other. The ‘‘intrinsic’’ hardness will be dis 
eussed in a later section of the paper dealing with the effects 
of the various alloying elements and possible methods of further 
improving high speed steels. 

Reference has already been made in an earlier part ol 
paper to the use of high speed steels for such tools as dies 1! 
which resistance to wear is the desideratum. Such tools are bes' 
treated by heating to 1740 degrees Fahr. (950 degrees Cent 
and allowing to cool down in the air. In this way advantage }s 
taken of the ecarbon-hardening property, there being plenty 0 
alloying elements present to render the steel air-hardening. Long 
experience has proved to the author that no advantage can b 
gained by using an 18 per cent tungsten steel rather than a 1} 
per cent tungsten steel. Tools hardened in this way, howeve 
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have no advantage over carbon steels so far as cutting pro] 
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re concerned; in fact, they are not so efficient because of the 
lower carbon content. 

High speed steel hardened at temperatures up to 1740 de- 
rees Fahr. (950 degrees Cent.) behave like carbon steels on tem- 
nering, i. e., the hardened steel begins to soften immediately and 
om} lete softening can be effected at 750 degrees Fahr. (400 de- 
vrees Cent.). Naturally, the process of tempering is slower be- 
use of the retarding influence of the alloying elements. 

To develop the property of red hardness which is essential 
‘n cutting tools, it is necessary to heat the tool to above 2100 
degrees Fahr. (1150 degrees Cent.), the exact temperature re- 
yuired being almost independent of the tungsten content, but 
dependent on the carbon content. For a steel containing 0.6 
per cent earbon, the optimum hardening temperature is 2280 de- 
orees Kahr. (1250 degrees Cent.), while for a steel containing 
(.75 per cent carbon the optimum hardening temperature is 2100 
degrees Fahr. (1150 degrees Cent.). 

In the case of tools of complicated shape, it is desirable to 
pre-heat the tools to 1470 degrees Fahr. (800 degrees Cent.) in 
rder to prevent cracking by the sudden insertion into a furnace 
at the high temperature. Immediately after the tool has attained 
the high heat it should be removed from the furnace and then 
ooled down in still air, an air blast or in oil. The method of 
cooling has little influence on the properties of the finished tool 
inless its mass is large. 

All high speed tools should, after hardening, be tempered 

1020 to 1110 degrees Fahr. (550 to 600 degrees Cent.), at 
which temperature the maximum secondary hardening is devel- 
ped. Some workers prefer to allow the tool to develop its own 
secondary hardness under the heat of cutting, but there is no 
valid reason why the tool should not be put into a condition of 
maximum eutting efficiency before it is put to work, particularly 
n view of the fact that tempering plays an important part in 
removal of stresses which are liable to cause cracking, more par- 
ticularly in eomplicated, and consequently, expensive tools. 

The explanations of red hardness and secondary hardening 
are dealt with in the section on the theory of high speed steel. 





TuHEeory oF HiegH SPEED STEELS 

















ards (Journal, Iron and Steel Institute, 1908) working 
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on two series of tungsten-chromium steels, one 


with 


chromium and increasing tungsten, and the other with 
tungsten and increasing chromium, showed that so lon: 
initial heating temperature does not exceed 1740 degre 
(950 degrees Cent.), the addition of tungsten has no 


the position of the critical points. 
ried to 2400 degrees Fahr. (1320 degrees Cent.) 
quently obtained cooling curves show that the Ar point 
into two parts, the lower arrest occurring at 790 to 880 degrees 


Kahr. (420 to 470 degrees Cent.). This 


caused by the tungsten present because tungstenless alloys 


7s 


etfect 


If, however, heating 


then th: 


~ 


is undoul 


not affected by the temperature of initial heating. But 


under normal conditions of heating or cooling chromium raises 
the Ar point, and tungsten does not affect it in any way, it is 


{ 
Tay 
Leu 


SPLIT 


Sin 


a logical conclusion that to whatever the special properties 


high speed steel are due, they are not caused by the lowering o! 
the critical points to below the ordinary temperature. 
considered it more likely that the lowered point is independent o! 





Kdwards 


the Ar, and is brought about by a change in a tungsten earbid 


which is slowly formed at temperatures about 2190 degrees Fahr 
(1200 degrees Cent.) 
point is found to disappear entirely when the chromium conten 
exceeds 3 per cent, so that it would appear that in high speed 
steel the effect of heating to temperatures in the neighborhood 
of 2280 degrees Fahr. (1250 degrees Cent.) is to produce a doubl 


je 


In a tungsten-chromium steel this lowere 


earbide of tungsten and chromium which forms a solid solutio: 


in gamma iron. 


This double carbide is more stable than the 


~~) 
ear- 


bides of iron and tungsten, and at a higher temperature i 


thrown out of solution on reheating, thus enabling the st 


eontinue cutting at a much higher temperature than is usua 


for carbon tool steels. 


whose existence had been foreshadowed by Harkort some years 


But at that time 


Edwards neglected 
take into account the probable function of tungstide 0! 


previously and subsequently confirmed by Swinden. The 
chemical researches of Arnold and Read elicited the fact 


Cr,C,, Cr,C, WC and Fe,W could exist in alloy steels containing 


these metals. 
Incidentally, 


it 


might 


be 


mentioned, 


that 


vanadium 


forms a carbide V,C,, but at the moment we are deallil 
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essentials of high speed steels, and all these are con 


-»ined in alloys of iron, carbon, chromium and tungsten. The 


jdition of vanadium, molybdenum or cobalt may improve the 
properties of high speed steels in certain specific directions, but 
hey do not in any way affect the actual fundamental properties 
f the steels. 

Yatsevitech working at Harvard on a high speed steel con 
taining earbon 0.62 per cent, chromium 3.0 per cent, tungsten 
182 per cent and vanadium 0.95 per cent, did some useful work 
n the melting and solidifying temperatures of high speed steels. 
On heating, fusion commences at 2390 degrees Fahr. (1310 de 
vrees Cent.) and ends at 2670 degrees Kahr (1465 degrees Cent.), 
chile on cooling solidification commences at 2635 degrees Fahr. 
1446 degrees Cent.) and is complete at 2310 degrees Fahr. (1284 
levrees Cent.). The cooling curve shows an arrest point at 1860 
levrees Fahr. (1015 degrees Cent.), whieh Yatsevitch aseribes 

the solidification of the tungsten eutectic. 

Since microscopic examination fails to reveal any evidence 

fusion in samples of high speed steel which have been heated 

below 2190 degrees Fahr. (1200 degrees Cent.), this arrest 
int cannot be due to solidification of an eutectic. But the work 
vhich has thrown most light on the theory of high speed steels 
s that of Honda and his pupils. They made a systematic study 
the magnetic properties of the various ternary and quatenary 
ombinations in different heat treated states, and correlated them 
th the microstructures. The study of the combined results 
their work indicates that a properly worked and completely 
nnealed high speed steel consists of tungstide of iron, chromium 
arbide and tungsten carbide, all existing in the free state. On 
leating to a temperature of 1545 degrees Fahr. (840 degrees 
Cent which is the Ar ,.. point) for this class of steel, the 
arbides dissolve in the ferrite to produce a complex austenite 


caving the tungstide still uniformly distributed and microscopi- 
illy indicated as white particles in etched specimens. At higher 
‘emperatures the tungstide begins to dissolve, but simultaneously 


nother change occurs in the conversion of the carbide Cr,C into 
ree: 


and free chromium thus:- 
2 Cr, — Cr,C, + 5 Cr 


At temperatures over 1830 degrees Fahr. (1000 degrees Cent.), 
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the affinity of carbon for chromium is greater than 






for tungsten resulting in the following change: 











































3 Cr+ 2 WC + 4 Fe—> Cr,C, + 2 Fe,W 











This reaction is reversible only at very slow rates o| 
so that after heating at the hardening temperature 2100 to 297 
degrees Fahr. (1150 to 1300 degrees Cent.) (according to 
composition) and cooling in the normal manner for hardeniyy 
a high speed steel consists of the chromium earbide (r. 
little tungsten carbide WC, and most of the tungstide of jro 
Ke,W, in a state of solid solution, while there is still a little fp 
tungstide of iron remaining undissolved. The microstructur 
a properly hardened high speed steel is shown in Fig. 3, the poly 
hedral grains being the solid solution (complex austenite 
the little brilliant white particles the free tungstide of iron. 

Taking a line through the work of these various observers 
we can arrive at a workable theory of the phenomena which ocew 
in the hardening and tempering of high speed steel. In sue! 
an extremely complicated alloy it will be understood that 
experimental difficulties are great and in the present state of ou 
knowledge no theory could possibly be considered as final, 
the following should form a satisfactory basis for further wor 

In completely annealed high speed steel, the various elements 
exist as tungsten carbide, tungstide of iron Fe,W, the chromiun 
earbide Cr,C, ferrite containing dissolved tungstide of iron and 
chromium, and also carbide of iron or cementite, for the laws o! 
mass action indicate that there will be cementite in high spee 
steel regardless of its state. This conclusion is confirmed by th 
work of Grossmann and Bain who, by the analysis of electr 
chemical residues, proved that no matter what the state of th 
high speed steel from which the residues were obtained, the car 
bides always contained cementite. High speed steel is, therefore 
similar to plain carbon steel except that both the ferrite and car 
bide are complex. At temperatures between 1545 and 1830 di 
erees Fahr. (840 and 1000 degrees Cent.), the complex carbid' 
goes into solution in the ferrite, and gives rise to the ordinary 
earbide hardening. | 

At higher temperatures, more of the complex earbides 
taken into solution, but simultaneously chemical changes — 
resulting in the formation of the chromium carbide Cr,©,. Ths 
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eeleases ehromium to dissolve and increase the intrinsic hardness 
if the solute. According to Honda it is the formation of this 
Cr.C, which 1s responsible for the ‘‘red hardness’’ property. 
rhat this compound is formed cannot be doubted, but since the 
simultaneous presence of both chromium and tungsten are essen- 
‘ial for the development of red hardness, it is impossible to at- 
‘ribute the whole of the red hardness to the formation of Cr,C,. 
rhe author is of the opinion that the real explanation of the red 
hardness property les in the ability of Cr,C, to form a double 
arbide with tungsten carbide, which double carbide is retained 
y solution up to higher temperatures. 

The secondary hardening developed by tempering is caused 
v the breakdown of the austenite into martensite, possibly, though 
not necessarily, assisted by the conversion of the Cr,C, into Cr,C. 
'o account for these changes, it is not necessary to assume the 
presence of more than 12.5 per cent of tungsten in the high speed 
steel. The effect of increasing the tungsten content is to increase 

proportion of Fe,W which is proved microscopically. This 
nerease of the number of structurally free particles of tungstide 
{ iron is the most rational explanation of the ability of 18 per 
ent tungsten steels to cut harder materials, than can be cut by 
wer tungsten steels. With regard to the other alloying metals 
vhich are to be found in high speed steels, the following remarks 
ay be of interest. 

Vanadium increases the breakdown temperature of high speed 
steel partly by forming the carbide V,C, which associates with, 
and increases the stability of, the complex carbide described above, 
ind possibly also by dissolving in the ferrite or solute and assist 


ng in the retention of the complex carbide in solution up to 
higher temperature. 


Molybdenum behaves like tungsten and cannot be regarded 
is having any effect beyond that of replacing tungsten. Thus, 
isteel containing 14 per cent tungsten and 2 per cent molybdenum 
s only to be regarded as the equivalent of an 18 per cent tung- 
sten steel. 

Cobalt does not form carbides and associates itself with the 
ferrite whose properties it may modify. A great deal of work 
tas been carried out on cobalt high speed steels, and it is diffi- 
ult to determine from the published results whether the pres- 
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ence of cobalt is advantageous, because all the steels 
given good results have contained fair proportions of 
With regard to possible future improvements in }h 


steels, it has already been indicated that there is little pro =? 
ity of further increasing the cutting speeds. Actually thoy “e 
° ° @ 7 ° ; ran 
little necessity for this.as the modern high speed steels 


able of cutting mild steels at over 150 feet per minut 
there is a real need for a material which is capable o| 












steels in a toughened condition. An example, namely, 
sorbitic and brake-hardened tires has already been quot 


there are many other instances where the ability to cut 
which have been toughened by heat treatment would 
sistance to engineers. 


eC Of \ 


The two properties of high speed steel which determ 
capacity for cutting are those of red hardness and intrinsic | 
ness. It is doubtful if the red hardness ean be further incre 
because the breakdown temperature, which is a measure 
red hardness, has been increased to over 1290 degrees Kahr. (7 
degrees Cent.) in some of the higher vanadium steels. There 












little likelihood of this point being raised further. But w 
red hardness, the intrinsic hardness is not a function of the nat 
and distribution of the carbides in high speed steel, and t! 
are still considerable hopes of effecting improvements alon: 
avenue which is being explored by steel makers. 

It does not le within the scope of this paper to presen! 
detailed account of that most interesting alloy stellite, but bri 
reference to it will throw light on the meaning of this property 
intrinsic hardness. Stellite is an alloy consisting essentiall) 












40 to 5d per cent cobalt 
15 to 33 per cent chromium 
10 to 17 per cent tungsten 
About 2 per cent carbon 





with occasional amounts of iron and molybdenum. 
The cutting properties of this alloy are not produced }) 
heat treatment, but are inherent in the alloy itself. At ordinar, 
temperatures the hardness of this material is appreciably lowe! 
than that of high speed steel, but its hardness falls with increas 
ing temperature at a much lower rate. This is shown in Fig. 4 
from which it will be seen that although at low temperat 
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high speed steel is harder than stellite, yet at 1160 de 
(625 degrees Cent.) the hardness temperature curves 

and at higher temperature stellite becomes the harder ma 
\urther than this, the stellite recovers the whole of its 
on cooling, while high speed steel does not, owing to 
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Fig. 4—Brinell Hardness Curve of a 18 Per Cent 
Tungsten High Speed Steel Compared with the Brinell 
Hardness Curve of Stellite. 


S propert the tempering effect. Stellite is a typical example of a metal 
tially ot whose cutting properties are inherent; another example is the 
liamond, and it is the property possessed by this material which 
author understands as intrinsic hardness. It is to the im 
rovements in this property on which depends further advances in 
high speed steels, and efforts in this direction are being made by 

introduction of such metals as cobalt and molybdenum. 

DISCUSSION 

HorrMAN: I feel that this contribution is certainly worthy of 
One thing is quite certain, that the methods used in England differ 
om the methods used in the United States, both as to composition 


ods of manufacture. Mr. d’Arcambal, in the presentation of the 


s pointed out this fact. The composition of one of the high speed 


ty 


} 


use, I notice contains 0.90 per cent carbon and 18 per cent tungsten, 


rrect? 
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A. H. D’ARCAMBAL: That is a German composition. 

N. B, HorrMan: The Germans must have some special met 
ing the 0.90 per cent carbon ingots into the finished bars. It may 
that they are casting this steel in very small ingot sections, but 
their carbide reduction would suffer. High speed steel practice in 
has shown that with the higher carbons, say 0.80 per cent or ov 
to forge or roll, due to brittleness and in this event the manufact 
will be much higher than in the case of lower carbon steels. It | 
demonstrated as yet that the higher carbon steels are beneficial! 0; 

Another point brought out in Mr. Lantsberry’s paper is t 


lish are using a carbon content considerably lower than that adopt 


hat the Ey 
in this country, namely, 0.60 to 0.65 per cent. I believe that 
in this country have found the standard high speed steel to take its 
hardness at about 0.685 per cent. Is this correct? 

A. H. D’ARCAMBAL: About 0.70 per cent. 

N. B. HorrMAn: In that event, you see, the English are w 


xImu 


Orkin ( 


siderably below the point where we get our maximum hardness. T! 


of the superiority of steel melted in the crucible as compared to that ma) 
factured in the electric furnace is another rather interesting point. There b 
been much discussion in recent years relative to this point, but to my knoy 
edge no substantial evidence has as yet been produced, giving reliable figu 
substantiating the fact that one steel is superior to the other. | 
feel that high speed steel melted in the crucible was superior to that melted 
in the electric furnace, but at the present time, I believe that, it is an o 
question. I would like to know if Mr. d’Arcambal has any information 
this point. Has any reliable data ever been produced to prove that electri 
furnace high speed steel is superior to that melted in erucibles, or vice versa! 
A. H. p’ARCAMBAL: Mr. Chairman, answering Dr. Hoffman’s question, 
we are getting better results today from tools made of electric furnace hig! 


speed steel than we ever did with crucible-melted high speed steel. Whether 
that is due to the fact that we know a little bit more today than we did a fen 
years ago about hardening the tools, that might have some result. But 


steels we are getting today, all high speed steels, regardless of type, 
melted in the electric furnace are very satisfactory. 

You might be interested in knowing that one of our own mills in this 
country markets a high speed steel running 0.90 to 0.95 per cent carbon, 

18 per cent tungsten, 314 per cent vanadium and 4 per cent chromium. W 
are working with that steel now, but I am unable to state just how tools m le 
of that high carbon, high vanadium steel will function as compared with 
usual 0.70 per cent carbon, 18 per cent tungsten. 

[I am glad that Dr. Hoffman brought out the point about the low carbo 
content. We find that steels running 0.70 to 0.75 per cent carbon give n 
better results when used for metal cutting tools than steels with 0.60 to 0.60 
per cent carbon. In our opinion there is no comparison, about two to one s 
far as cutting is concerned. 

One of the things about Mr. Lantsberry’s heat treating temperature » 
the hardening point. He states they harden the 0.75 per cent carbon stee 
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HIGH SPEED STEELS 


degrees Fahr., whereas we harden such a steel at 2340 degrees Fahr. 
iad letters from men in England asking us why we harden at sueb 
mperature. The answer is, it gives better tools. 

\|. A. GROSSMANN: I should like to add a few comments. I am sorry 

\ir. Lantsberry is not here to answer some questions that arise. The 


first point that he made about crucible and electric furnace melting raises 


a question. He stated first that crucible-melted steel required the use 
f more expensive materials, that with the electric furnace-melted steel cheaper 
materials could be used. Unless that statement is defined a little more 


osely, | think it must be questioned, because expensiveness is not in itself 


metallurgical virtue. Certainly there are numerous processes where cheaper 
materials ean be used, because they are not so useful for other processes 
d because they are available. Also, in comparing crucible furnace melting 


vith electrie furnace melting, the conditions are different in this country 


from those in England. In this country we melt in graphite crucibles on 


weount of the need of transportation, and the graphite itself has something 
f a refining action during the melting. Im England, while I am not at all 
ible to diseuss the clay crucible melting, the conditions are certainly different. 
In this country it has been found that adequately hard and useful high speed 
steels can be prepared in the electric furnace, and the economic conditions 
have certainly permitted the use of electric high speed steels almost through- 


In comparing 18 per cent tungsten steels and 14 per cent tungsten steels, 
the matter of hardening temperature was also brought out very well by Mr. 
\’Arcambal. It is true that the higher hardening temperatures cause more 
of the tungsten to go into solution and therefore to be effective and useful. 
Additional tungsten tends to prevent grain growth at high temperatures, 
which makes it possible to use higher hardening temperatures and still avoid 
coarse grain, Additional cutting efficiency is thus obtained, while reducing 

e possibility of brittleness from coarse grain at the high hardening tempera: 
tures, 

There was also mentioned the matter of cobalt, which, as Mr. Lantsberry 
siys, is probably associated with the ferrite, but it seems to give a stiffer 
matrix at high temperatures and there seems to be little doubt from American 
experience that cobalt steels do give somewhat better service. 

Kk. C. BAIN: During the reading of this paper it has seemed to me that 

ere has been little consideration given to the opinions of such investigators 
as Gill, Bowman, Jeffries, Grossmann and Maurer, and for that reason I am 
prompted to say a few words. Anyone who finds the study of the nature of 
high speed steel leading him toward physical considerations should not be 
prejudiced against the contemplation of such chemical phenomena as are 
transpiring in the preparation of high speed tools—but it may be doubted 
that our fundamental understanding is to be improved by theories involving 
bide and tungstide reactions which do not correlate themselves directly 
with physieal manifestations. 

| hope I have not misconstrued the sentences of this paper, but I have 
ined the impression that high speed steel is said to be largely austenite 
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isis as a beginning, The theory may not be as sunple as expounded, 


nuch better to start on a simple, plausible theory and then introduce 


exities gradually than to start with so much complexity that we are 


the beginning. The conception of a great many people over here. 
| 


| say, a great Many people in Europe, too, is that the 


various alloying 
ts go into solid solution in the iron at 


the relatively high temperatures 


r to quenching. At the high temperatures, then, we have a maximum 


Then, in quenching, the 
these substances do not precipitate as they would 


on of those various elements. cooling is so 
14 on slow cooling 
re is trapped a considerable quantity of these 


materials in super 
| solid solution. 


cheating a number of things happen. The first thing that can happen 


and being capable of diffusing in 
room temperature, and because of the fact that iron 


he carbon, being a very small atom 
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atoms are 
ec. That effect is 


others. Then, as the 


on all sides, forms the simple iron carbide F 
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finally, tungsten ean diffuse 
at about 1110 degrees Fahr. 


mium and vanadium, and in solid iron. 
(600 degrees Cent.) the 


tungsten 
re able to diffuse Slowly in the iron alloy. 


The formation of inter 


compounds is a matter of getting a number of atoms together. One 


oF tungsten probably would not form the complex compound with carbon 


om of tungsten and probably several atoms 


m the erystalline complex carbide. In the solid solution state the tungsten 
as far apart as they can get and increasing the temperature from 


femperature to 1110 degrees ahr. (600 degrees Cent.) permits the 
‘toms to diffuse and get together and therefore permits the particles 
complex earbide containing tungsten. iron, chromium and vanadium 
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That is why high speed steel holds 
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ACTION OF PURE CARBON MONOXIDE UPON 


IRON 
AT ELEVATED TEMPERATURES 


By W. P. FISHEL AND JOHN F. Wooppe.. 
Abstract 
A study has been made of the action of pure can) 
monoxide upon commercially pure tron in order to si 


the mechanism of the reaction and to investigat: 
ability of carbon monoxide to penetrate iron. 






» is generally believed that carbon monoxide reacts with) iyo) 
according to the following reaction: 








3Fe + 2CO = Fe,C + CO, + heat. 


As far as the authors have been able to learn, this equation has 
not, except in one instance,’ been investigated from the stand 
point of the carbon dioxide formed. There seems to be a dis 
agreement as to whether this reaction takes place at the surface 
of the iron only, and the combined carbon then diffuses toward 
the interior, or whether carbon monoxide is able to penetrat 
hot iron and react beneath the surface as well. The latter pos 
sibility would account for the greater depth of case obtained 
with earbon monoxide than with other cementing agents. If car 
bon monoxide penetrates iron and reacts beneath the surface 
the carbon dioxide formed must be able to diffuse out agai: 
the reaction would speedily come to an end. 

Carbon monoxide, when heated, decomposes according t 


the equation : 

















°CO — CO, + C + 39,000 calories 





The reaction is reversible and the amounts of carbon dioxide 
according to Rhead and Wheeler,? in equilibrium with carbon 
monoxide and carbon at approximately one atmosphere pressur 
and at the following temperatures; 1470, 1650, 1740, .1830, 1920 
and 2010 degrees Fahr. (800, 900, 950, 1000, 1050 and 110! 


1Charpy, Comptes Rendus, 137, 











120 (1903). 


2Rhead and Wheeler, Journal, American Chemical Society, 97, 2179, (1910) 


The authors, W. P. Fishel, assistant professor of metallurgy and J 
Wooddell, graduate student, department of chemistry, Vanderbill Universit) 
Nashville, Tenn. 
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lecrees Cent.) are: 6.2, 2.2, 1.3, 0.6, 0.4 and 0.2 per cent CO, 
egpectively. tron, nickel and other metals are said to catalyze 
ypis reaction. With iron at least it is not a case of true catalysis. 
rhe action may be considered to take place by two steps, 


(1) 
(2) 






200 2 C0, + € 


3Fe + C= Fe,C 


Combining these we get the equation assumed above. 

The authors will attempt to show that the carbon dioxide 

tained in their experiments could not all have resulted from 

sep (1), since the amounts obtained at each temperature ex- 
eeded the equilibrium values. 

In order to show that carbon dioxide and iron earbide are 
formed by the action of carbon monoxide upon iron, and to 
nvestigate the effect of temperature upon the depth of case and 
mount of carbon deposited, the following experiments were ear- 
ried out. Pure carbon monoxide was passed over samples of 
\rmeo iron, heated in a silica tube to various temperatures. The 
arbon monoxide was prepared by dropping chemically pure formic 

d into warm concentrated sulphuric acid. The gas formed 
vas passed through potassium hydroxide and stored in tanks over 
ater. Before entering the silica tube the gas was further puri- 
ed and dried by passing through a train consisting of alkaline 
pyrogallie aeid, barium hydroxide, calcium chloride and concen- 
trated sulphurie acid. The barium hydroxide served as a visible 
ndieator for carbon dioxide. At no time did this solution be- 
ome cloudy. The exit gas was collected over water and analyzed 
(or carbon monoxide and carbon dioxide. Approximately two 
ters of gas passed through the aparatus per hour. The rate of 
‘ow varied considerably from time to time, which accounts for 
wme of the irregularities in the composition of the exit gas. 
All samples were cylindrical (114 X 14-inch) in shape and were 
ut from the same bar of Armco iron. The samples were freed 
irom scale and weighed before they were placed in the furnace 
They were numbered to correspond to the runs. Thus sample 
lf was introduced for the first time in run 14. The sample 
marked 14-15 is the larger part of 14 and has been subjected to 
"in 14 followed by run 15. 


Kach run was conducted as follows: When the furnace had 
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reached the desired temperature, the tube was flushe 
earbon monoxide and the rate of flow adjusted. Th, 


allowed to pass through the apparatus until analysis | 


gas showed that the tube had been swept free of ai: 


the decomposition of the carbon monoxide had becon: 


for that temperature and rate of flow. Several 100- 


Table I 
Carbon Monoxide Passed Over Armco Iron 


Composition of Exit Gas 


Befor Afte 
Introduction Introduction 
I Samples of Samples 


Per Ce Per Cent Samples 


Oo CO. Present 


$0) i.9 
..6 | 
$( 35) 


femainder of gas was carbon monoxide Numbers in brackets rep! 
e and consecutive determinations which gave that result. 


meter samples were then taken over a period of one 
analyzed for carbon monoxide and carbon dioxide. Ha 
termined the amount of carbon dioxide in the exit 
weighed samples were introduced into the tube and a 
analysis was made of the exit gas each hour thereafter. 
of the gas analyses, both before and after the introdu 
the samples, as well as the depth of penetration and 
sorbed, are recorded in Table I. 
































































troduced is, at all temperatures, greater than that 
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the completion of a run the samples were furnace-cooled, 
and sectioned at a distance from one end equal to the 
of the sample. The smaller part was examined micro 
y and the larger part was put aside to be used in the 
ill. 

(he amount of carbon dioxide formed after the samples were 


given by 


thead and Wheeler as the equilibrium values for the system 


. CO, and earbon. It is also greater than the carbon dioxide 
ned from the decomposition of carbon monoxide before the 


uples were introduced. The excess carbon dioxide must result 


ron the action of carbon monoxide upon iron. 


[he amount of carbon dioxide formed from the deecomposi 
n of th 


e carbon monoxide, before the samples were introduced, 


wreases With increasing temperature as it should for reversible 


\{ 


thermic reactions, and is always less than the equilibrium 


ie, until a temperature of 1930 degrees Fahr. (1050 degrees 
is reached. At this temperature, the amount of carbon 
xide increases abruptly and exceeds the equilibrium value. 


1930 degrees Fahr. (1050 degrees Cent.) and above a dark 


seale resembling silicon earbide formed on the sides of the 


tube, indieating that the carbon monoxide had reacted with 
»| 


lige 
SIEL 


a tube in some manner to give abnormal values of carbon 


rN de. 


ye 


y 


vrees Fahr. (1100 degrees Cent.), show that the 


The photomicrographs, (Figs. 2 to 9), all of which were taken 
is diameters, show the effect of time and temperature upon 
penetration and the carbon concentration. A high tempera 
vives a low carbon case with deep penetration, while a low 


mperature produces a higher carbon case with less penetration. 


tomicrggraph Fig. 4 of the sample carburized for ten hours 


t 1830 degrees Fahr. (1000 degrees Cent.) and photomicrograph 


/ of the sample carburized first for ten hours at 1830 de 
es ahr. (1000 degrees Cent.) followed by ten hours at 2010 


maximum 
cent of carbon introduced at the lower temperature has been 
‘ed by the treatment at the higher temperature. The total car 
ntroduced, however, increases with increasing temperature. 


n order to test the ability of carbon monoxide and dioxide 
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to penetrate iron, heated to various temperatures, the 
shown in Fig. 1 was constructed. 

Cylinder (A) (inside), made from one piece of Armen iron 
by boring a +;-inch hole through the center and tum 


il y down 
the outside to leave walls »%5-inch thick, is threaded int, 


Vlinder 
B (outside). <A is connected by a 14-inch pipe to an automatic 


Toepler pump, modeled after McLaughlin and Brown.’ [his 


Sample to be 


Carborized 
Fig. 1—Diagram of Diffusion Cell 


pump permits the exhaust gases to be collected over mereury 
Pure carbon monoxide, under a pressure of 14 pound per square 
inch is led into B. Any gas entering A must do so by diffusing 
through the walls of A. The gases pumped out of A should be 
those formed by the action of carbon monoxide upon iron during 
its passage through the walls of A together with some unused 
carbon monoxide. 

By means of a two-way stopcock, B was evacuated, filled 
with carbon monoxide and again evacuated. This was repeated 
until all air was removed from B. The stopeock was then turned 
connecting B with the carbon monoxide tank. A having been 
connected to the Toepler pump and evacuated, the cell was brought 
to temperature, and after about three hours had elapsed, the 
gas pumped out of A was collected and analyzed. The Toepler 
pump was kept running during the entire time of heating and 
maintained an average vacuum of 4 millimeters. The analyses 
of the gas collected are recorded in Table II. 

At 1740 degrees Fahr. (950 degrees Cent.) about 5 hours 
were required to collect 30 cubic centimeters of gas, which con 
tained approximately 1 cubic centimeter of carbon dioxide and 
4 cubic centimeters of carbon monoxide. During the forty hour 


®8McLaughlin and Brown, Journal, American Chemical Society, Vol. 47, 6! 
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ut 5 hours 
which con 
lioxide and 


forty hours 
: Vhotomicrographs Showing the Effect of Time and Temperature 
: the Carbon Concentration in Armco Iron Mag. 48 X Fig. 2 
’ eG | urs at 1470 degrees Fabr. with a Penetration of 0.5 millimeters : 
a ed 10 Hours at 1740 degrees Fahr. with a Penetration of 1 millimeter. 
Carburized 10 Hours at 1830 degrees Fahr. with a Penetration of 1.x 
5—-Run 16, Carburized 10 Hours at 1880 degrees Fahr. with a Penetration 


736 TRANSACTIONS OF THE A. 8. 8. T. 


at 1740 degrees Fahr. (950 degrees Cent.), approximat 
centimeters of CO, and 34 cubic centimeters of CO 
through the walls of cylinder A. This should be a 
the ability of the gases to penetrate iron under the 
of the experiment. At 2010 degrees Fahr. (1100 dem 


es Cent 


Table II 
Diffusion Data 


COMPOSITION OF EXHAUST GASES IN % BY VOLUMI 


Cubic Centimeters 
of Gas 
Analyzed 


19. 


99 


_ 
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99 
o 


»)* 


“awe 


-! 


mr 


Cc 


fee fame eh ed fl feed fe 


ol. 
31 


WOW We ee RH I 


Se who wo be 


233 9. 3 Total time : 


9@ « 
36. 
36. 
30.7 5.§ 20.4 4.3 
31.6 Do. 26.2 ° od. 5.4 


"> o ‘ ‘ 5 7 
32.2 . ‘ Y.< ‘ ‘.U 


lotal gas 


900 : 207.0 Total time at 2010 deg. Fahr. (1100 deg 
cubie centimeters 


the penetration rates, as estimated by the time required to coll 
30 ecubie centimeters of exhaust gas, were about twice as grea 
At 2010 degrees Fahr. (1100 degrees Cent.) some three hours 
were required to collect 30 cubic centimeters of the gas, which 
contained 5 per cent CO, and 23 per cent CO. During the eight) 
hours at this temperature approximately 45 cubic centimeters 
CO, and 207 eubie centimeters CO were collected. From Table 
Il it will be seen that the rate of diffusion of both gases 
ereased with increasing temperature, but not in equal propor' 
The ratio of CO to CO, in the exhaust gases increased with 
creasing temperature as it should for an exothermic react 
The composition of the gas just after diffusing throug! 

of A, should be near the equilibrium values for the sys 

CO and CO.,. 
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ed to colle 
2 

three 

» PAS, 


or T 


eent imeters 


From Table 


th gases 


6-8—-Photomicrographs Showing the Effect of Time and Temperature Upon thi 
nd Carbon Concentration in Armco Iron. Mag. 48 X. Fig. 6—Run 18, Carburized 
010 degrees Fahr. with a Penetration of 6 millimeters. Top of Photomic rograph 
Sample Fig. 7—Runs 17 and 18, Carburized 10 Hours at 1830 degrees Fahr 
10 Hours at 2010 degrees Fahr. Top of Photomicrograph is Edge of Sample 

f Sample 17-18. Compare Figs. 5, 6 and 7 for Carbon Content 


lal . . 
Although all precautions were taken to prevent the intro- 


tion of air, and both pump and cylinder were tested prior 
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Fig. 9—Photomicrograph Showing the Effect 
of Time and Temperature Upon the Penetration 
and Carbon Concentration in Armco Iron. Mag. 
48 X. From Edge (Top) to Center of Run 14. 
Carburized 18 Hours at 1920 degrees Fahr. with 
a Penetration of 4 millimeters. 


\o 


Hon 
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he presence of nitrogen and oxygen in the exhaust gas 

small leaks. llowever, the proportion of nitrogen to 
ereater than that of nitrogen to oxygen in the air. 

tion arises whether the carbon dioxide found might not 

ited from the oxidation of carbon monoxide, after it 

tered A, by the oxygen of the air which had leaked into 

rain or pump. 

In all cases except one, the oxygen plus half the earbon di 

s less (calculated to air basis) than is required by the 
nitrogen present. Analysis showed both carbon monoxide and 
xvven were left, and this together with the fact that the ratio 
f CO to CO, changes with temperature, indicate that no oxygen 
tered the apparatus at a point where the temperature was 
eat enough to cause it to unite with carbon monoxide. The 
excess nitrogen (over that found in air) may be accounted for 


diffusion through the hot walls of that portion of the delivery 


ipe Which fits into eylinder A. Any oxygen attempting to dif 


fuse would react with the iron and thus be prevented, while 
trogen could) pass through. Excessive oxidation was noticed 
this point. 
\t the completion of the 120-hour run, eyvlinder A was fur 
ce cooled, sectioned and examined microscopically for earbon. 
\u pearlite was visible. This is due to the facet that the carbon 
ouoxide in eylinder B reacted with the iron in contaet with 
and soon reached equilibrium. The reaction must then cease 
intil the gaseous product of the reaction (CO,) is removed. 
Such removal is brought about only by the carbon dioxide diffus 
ng through the walls of eylinder A. Since only approximately 
4 cubie centimeters of CO, were formed, and since no earburiza 
on can take place without the formation of CO,, one would not 
expect the eylinder to be carburized to an extent that could be 
elected’ by the microscope. These conditions prevented the sur 
ce reaction of earbon monoxide with iron and permitted its 


penetration and subsurface action to be studied. 


SUMMARY 


The following conclusions may be drawn from the data pre 


Pure carbon monoxide reacts with iron at temperatures 
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between 1470 and 2O10 degrees Fahr. (S800 and 11 
Cent.) to form iron carbide and carbon dioxide, acco) 
equation : 
3Fe + 2CO 2@ Fe.C + CO, + heat. 

2. The reaction is reversible and obeys the laws 
ible reactions. 

3. The depth of case increases with increase of 
while the maximum carbon content in the case decre 


carbon introdueed increases with increasing temperat 


4. Both carbon monoxide and dioxide penetrat: 
slowly at 1740 and 2010 degrees Fahr (950 and 11 
Cent.). This rate would not account for the depth « 
duced by carbon monoxide. 
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iten more economical to make use of a heat treatment. 


ECHANICAL AND MACHINING PROPERTIES OF AN 


ANNEALED CAST IRON 








By G. C. PRIESTER AND F. J. CURRAN 





Abstract 


The authors om this paper set forth the results of 
study of the machining and mechanical properties 
cast iron used in the manufacture of pistons when 
ected to various annealing temperatures. = The 

hining properties of the annealed pistons were 

died in a modern production plant and the various 
esses are described. The results of heat treatment. 
chemical analysis, machining properties, transverse 
tensile and hardness tests, compressive and shear 
and the effect of time on annealing are tabulated. 

Lhe findings of a study of the microstructure of the test 

sare shown in photomicrographs. A brief summary 
forth the principal results of the investigation. 








YAST iron differs materially from the other iron-carbon series 


alloys, not only in chemical constitution but also in physical 


manufacturing process will cause a wide variation in 


| propert ies, 


Because of its variable constitution, a slight change 


its 


On this account, the foundryman should know 


to which his castings are applied in order to properly 


their manufacture and to insure their possessing the re 


propert ies. 


Therefore, in order to make a thorough study 


properties of cast iron, it is necessary to know the complete 


of the produet. 


Ordinary gray east iron is seldom heat treated solely to im- 


its mechanical properties, probably because the cost of heat 


tnent often greatly exceeds the little increase in’ properties. 


Ver. when other properties are taken into consideration, it 


In the 


piston castings, it is extremely desirable for the material 


excellent machining properties because the cost of casting 


ton is small in comparison to the machining cost of the fin 


product. While gray cast iron can be machined, its machin 


" perties ean be improved to a remarkable degree DY proper 


per presented before the eighth annual convention of the Society, 

eptember 20 to 24, 1926. Of the authors George C. Priester is asso 

ssor of mathematics and mechanics, University of Minnesota, 

nd Francis J. Curran was formerly metallurgist, Arrow Head 
Minneapolis. 
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heat treatment. Then, too, an unannealed piston 


show distortion after it has been machined, because of ¢] 
internal casting stresses. To eliminate this distortion 
sary either to age the casting for several months afte 
machining or to anneal it at a temperature which will re! 
stresses. In the aging process it is necessary to tie up cons 
capital in unfinished castings; but if the annealing proc 
castings can be machined immediately into a marketable 

A study was therefore made of the machining and 
ical properties of a cast iron used in the manufacture 0} 
when subjected to various annealing temperatures. Since 
ness is a factor in determining the ease with which east 
be machined, it was decided first, to study east iron whic 
suitable for piston material and to heat treat it in order ¢] 
be as soft as possible ; then to study the machining and meeha 
properties of the iron. To reduce the hardness of cast iron mus 
be heated to a temperature varying from 500 to 1600 deerees Fa} 
depending upon the hardness desired. 

This paper presents only a study made on this material w! 
it was heated above the critical temperature and allowed to co 
partially in the furnace. A commercial heat treating furnace wa 
charged with its average load of pistons and A. 8. T. M. arbitration 
test bars in sufficient numbers to carry out a study of the mecha 
ical properties of this east iron. It is to be noted that the 1 
bars received exactly the same treatment as the pistons. 
would tend to eliminate any difference in mechanical propert 
of the test bars and commercial pistons due to heat treatment 
laboratory furnace with its small charge and rapid heating capacit, 

After the above charge had been annealed, the machining 
properties of the pistons were studied, and the arbitration 
were tested for their properties. In order that a compariso! 
could be made the pistons and arbitration bars were teste 
in the unannealed condition. And hardness’ tests were mad 
on pistons used by the manufacturers of automobiles. T! 
test was carried out on new and used pistons in order to determi 
if possible, the effect on their hardness after they had been su 
jected to actual commercial service, and to determine what har 
ness of pistons was commonly used by automobile manufacturers 

The machining properties of the annealed pistons were s! di 
in a modern production plant. 






The pistons were routed thr 
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ompressive, Shear, and hardness tests. 


} ference 


sary to reduce its length to twice the diameter. 
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t in the same manner as the stock product. ‘The speed 
the feed and depth of cut, and the breakdown of the 
tool were determined for the and 


unannealed 
stings. ‘he mechanical properties of the A. 8S. T. 


annealed 
M. bars were 
termined first on an autographie transverse testing machine. 


nds were then machined to specimens suitable for tensile 


The tensile, compressive, 
(| shear tests were performed on a universal three-screw testing 
hine. Ilardness was determined on a scleroscope and a Brinell 
achine. 

The tensile test specimen was similar to the standard tensile 
ecimen for gray iron specified in the A. 8. S. T. Handbook. The 
eonsisted in using a 0.750-ineh diameter and a 2-ineh 
ve leneth in order that a suitable extensometer might be at 
whed to it. The compression specimen, which was round, was 
750 inches in diameter and 3 inches long when used with the 
xtensometer; but in order to fracture the specimen, it was neces 


An attempt was 
| 











maae 


to use a Compression specimen whose length was three times 











he diameter, but it did not prove satisfactory. The shear specimen 
as 4 inches long and 0.750 inches in diameter and was subjected 
}a shearing force while being held in a suitable jig. No deforma- 


tion instruments were attached to the jig or specimen. The sclero- 
scope and Brinell hardness tests were taken on a polished cross- 
section of the specimen. On the softer specimens it was found that 
more reliable value could be found for the Brinell reading by 
ising a 1500 kilogram weight instead of either the 3000 kilogram 


r the 500 kilogram weicht. 








FOUNDRY PRACTICE 










In order that a good piston be east, it is necessary to use good 
V materials. Since a piston is machined practically on all ex- 
ternal surfaces and through the pin bosses, it must be free from 
low holes and contain no hard spots due to segregation or other 
‘auses. Surface defects on the machined parts of a piston are 
easily detected and should be a cause for rejecting the piston. Since 
phosphorus must be low to avoid segregation, the pouring temper- 
ture should be somewhat higher for the thin-walled pistons thar 


r ordinary eastings. 







"he charge used for making the castings for the present test 
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consisted of the following: steel, 17144 per cent; charco 
per cent; scrap, 2714 per cent. The steel consisted entir 
way splice bar of the following composition: carbon, 0.0s 
cent; manganese, 0.35-0.60 per cent; sulphur, 0.06 per cent 
phorus, not over 0.10 per cent. The charcoal pig had tly 



























composition: total carbon, 3.50-4.25 per cent; manganese, 

1.00 per cent; sulphur, 0.05 per cent; silicon, 0.75-1.50 per cent 
phosphorus, 0.18-0.20 per cent. The serap consisted entir 
foundry returns. The charge was melted in a cupola fur 
sufficient quantity of high grade coke and flux to give 

the metal and produce a sound piston casting. 


Heat TREATMENT 





The pistons used in the machining study and the arbitra 
test bars of the E-series received exactly the same heat treatment 


since they were heated simultaneously in the same furnace. }* 


arbitration test bars, Table I shows the temperature of heating 
eolumn A, the time required to attain that temperature in colin 


B. the duration of time they were held at this temperatur 
eolumn C and the duration of time in furnace while cooling 
eolumn D. In studying the machining properties of the pistons 


no distinction was made for the small variation in heat treatme 
The I-series of test bars was heat treated solely to study the etf 
on the mechanical properties, when the specimens were held 

viven temperature for various lengths of time. 


Table I 
















A B C 
Heating Time Coming Time at Heat Cooling | 
Temp. to Heat 

Specimens Deg. Fahr. Hours Hours He 
A > ae 1460 7% Vy 1t) . 
cE cess eee 1460 7% My 
BDL OOE SD cc ccces 1500 6 2 
Banckent ORGS «wecuxs 1500 6 2 
oF Serres. 2% 0) 
Cee oh cece eene. ae 214 l 
Reed a cceneenens 1650 2% 2 
Eo ecu o a 2, 3 






*Two specimens. 
All the other specimens used in this study were testec 
eeived from the foundry. The critical temperature of this 
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mined by the inverse rate method and found to be at 1430 
Mahr. All heat treated specimens were heated above this 


ture and cooled slowly so that they received a treatment 























ss 
known in steel practice as annealing, 
0 CHEMICAL ANALYSIS 
‘he chemical composition of some of the specimens show satis 
t’ ° ‘ : . 
aie, avreement with the charge used as is evident from the re 
, ; r shown in Table Il. The amount of combined carbon in the 
nealed specimens appears to be somewhat higher than is shown 
observation of the photomicrographs. In the not-annealed 
mens the agreement is more evident. The silicon, phosphorus 
J sulphur eontent are low and show that a good quality iron 
| | ‘ 
arbit? made into a thin casting. 
tre ly 
a hi" ? 
Table II 
heath 
in col Chemical Composition 
era Mn Si P S Heat Treatment 
eooline 3.65 0.32 0.65 1.22 0.29 07 Annealed 
; 3.65 0.68 aes ~ ee None 
he pisto 14 3.46 0.24 0.69 32 0.34 09 Annealed 
treat 7 3.45 0.74 pr oe hee ea None 
3.10 O. kD Bile ihe ase : oo Annealed 
the e 3.16 0.65 0.59 1.66 0.30 09 None 
held at ‘ 3.98 0.16 sos ee vee ed Annealed 
{ 3.56 0.84 0.57 1.22 0.22 06 None 
3.02 0.30 0.53 cee U.22 OS Annealed 
d 7 None 
MACHINING PROPERTIES 
Cooling Cast iron pistons are usually machined from thin-walled cast 
. “s having numerous ribs, webs, or partitions of various thick 
esses. Not only are internal stresses set up in the casting because 
the different rates of cooling of the various sections, but also 
vgregation of the carbides, hard spots and brittleness are often 
ind. These different conditions in the casting, together with 
‘condition of the surface of the casting, nature of the cutting 
and the kind of coolant used, govern the machinability of 
le specimen. 
ef ' Depending on the time and temperature of the process, anneal 


will relieve the internal stresses and to a certain extent, elim- 
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inate the hard spots, break up the segregation and retin) 













ture. These all tend to improve the machining pro 
order to determine the advantages of the annealine p! 
periments were conducted on the rough pistons that had 
nealed with the arbitration bars, and the results similar! 
on pistons that had not been annealed, are compared 
sults are listed in Table III. 

The determining factor of the test was a breakdow) 
eutting edge of the tool. The breakdown was due to thy 
or chopping effect of the out of round and uneven surfs 
vasting at the nose of the tool, causing the tool to break 












Table III 
Cutting Tests 


S = os 
3 ns S 
- gO S 
o- ct 
he 7 45 of a3 
> vy - 0 7 oe = 
; Bogs 3: #8 3 3 
% ¥ & 9 5 wn ia 
= = 7 - & og ‘2, 
= = = = a o $ - 
a m3 > sl 2 o 
Bue: casing ees ge 
“ nm - = — a o oO 
bo a te ? a 80 5. s 
. & 4 . feo eee ge 
- e - jer 7 - 2 z 
} j =e . 
' {| Oa 1] 
< & - Q fas es S bos a 
Operation 
Rough 78 80 bere .027 ae .063 12 25 
Skirting 
Rough 156 160 027 a ia .027 .094 8 47 
rurning 
Finish 156 160 OL a eX .015 .063 28 360 
rurning 
Roughing 
Ring 156 160 eeee 027 eeee ane 75 225 
Grooves 
Finish 
Ring 176 180 ‘Jie .005 eee .188 22 112 
Grooves 





away from the work. All cuts were taken with a ground No. 


stellite tool bit flooded with a heavy stream of specially prepared r 
coolant. 1 
The machining tests show a decided advantage in favor 0! | 


annealed castings. The ratios obtained in the rough skirting 4! 
rough turning of the annealed and unannealed castings are 
proximately 2 to 1 and 6 to 1, respectively. The average ¢! 
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he tool in the finish turning operation was in the ratio of 
favor of the annealed piston. This large variation was, no 
ie to the favorable condition of the internal structure pro- 
| the annealing process. In the rough turning of the ring 
es, the end point of the test gave the ratio of 3 to 1 in favor 


annealed easting. For the finish turning this ratio is 5 to 1. 
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oad-Deflection Curves from the Transv: 





TRANSVERSE TESTS 





The results of the transverse tests are given in Table LV. The 


ies Of load and deflection (P and /\ respectively in the table 


yera 








und No, 
determined directly from an autographie load-deflection curve. 


(hese curves are reproduced for specimens E-16-1 and H-16-3 in 
eel Mig. 1. The value of the modulus of elasticity, E, was calculated 
_ y drawing a line tangent to the load-deflection curve at the origin 


ind using equation 





where P 





























formula 






where M 
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an arbitrarily chosen load, 


5 the corresponding deflection for 


by the tangent line, 


| the leneth of the span, 


| the moment of inertia of the cross-section. 


The value of the modulus of rupture, S,, was ealeulat: 


the 








maximum 


fracture, 


the section modulus. 


Cc 


Since a cast iron specimen, when subjected to transvers: 


breaks on the tension side of the specimen, it is desirabk 
pare the value obtained for the bending stress with that 
the tensile stress. 
modulus of rupture to the tensile stress. 
2.19 to 2.84. 


existing between these two properties, but by this equation the rati 


The column headed §8,/S; gives the ratio of ¢! 
This ratio varies fron 
Upton! gives a formula for calculating the relatio 


have values between 


this same relation 






































bending 








where K =a constant depending on the cross-section form, 





eC distance from the neutral axis to the outer fiber. 


y = distance from the neutral axis to the centroid o! 


under tension. 


His experimental results upon tension and bending bars whic! 


have been machined gives values somewhat higher than :‘ 
to be noted that the transverse bars used in the present study wer 
not machined and the influence of the casting skin on the 
ties has not been determined. 


The heat treatment of the test specimens has decreased 





‘Upton, 


2Bach, 









strength about 29 per cent and the modulus of elas' 
about 9 per cent. While the average values of the deflect 


Materials of Construction, page 79. 


Elastizitit und Festigkeit, page 293. 
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o, it is comparatively small. The variation of the indi- 

alues is greater than this decrease. The heat treated bars 
reater Increase in deflection with the same load increment 

the untreated bars, especially after being loaded above 

uinds. It was noticed in performing the tests that the re- 
sound of the fracture of the heat treated bars was barely 
ptible or dull while for the others it was very distinet and 
ypy. ‘This would indicate that the material had lost much of 
‘. brittleness in heat treatment. This same phenomenon was ob- 


rved by Potter*. It is to be noted that all transverse specimens 


{ 


tisfy the specifications as required by the American Society for 
\laterials. 


Table IV 


ny P /\ Sp Spv/St 
Modulus Load Deflection Modulus of Ratio 
Rupture 
11,550,000 ©TOO di 42300 9 g¢ 
10,900,000 2750 1 43000 2 84 
13,3 350,000 3900 li 61000 2.61 
12,250,000 3300 Al 51700 2 13 
| ; (050,000 9550 , 89900 “49 
12,250,000 PR50 1923 44600 9 78 
13,950,000 4200 13 65600 2.81 
13,050,000 8700 1 57800 9 59 
12,000,000 2900 mY 45300 9 8] 
12,250,000 9750 105 43000 9 G9 
13,050,000 42350 1 68000 2 97 
13,650,000 8800 s 59400 9 75 
13,050,000 ©2900 : 45300 9 Q] 
12,500,000 9650 12: 41400 9 59 
14,300,000 4000 13: 62600 9 26 
13,500,000 8700 57800 


12,200,000 276 1 43100 


13,380,000 38 . 12: 60500 
912 ot ae . 968 713 


TENSILE AND HARDNESS TESTS 


lable V shows the results of tensile and hardness tests and 
rig. 2 shows the tensile stress-strain curve for specimens E-16-1 and 
The curves for the other heat treated specimens were 


r'ransactions, American Foundryman’s Association, 1925. 
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practically identical to the one for E-16-1, and thos 


treated about the same as for K-16-3 The stress-st: 


ct 





shows practically linear proportionality between thi 
















strain for at least a load up to 5000 pounds per squay 
from this relationship there has been computed the ) 
elasticity as given under column EK, of this table. The » 


elasticity of the heat treated specimens has been deeres 





wit Stress 170 Thowsatrids of Patra? s 
‘. 





+ 3 le 6 £O a@# 2a 
wnt Deformation in Treusandths ot an Inch 
Fig. 2—-Stress-Strain Curves from the Tension Test 
S per cent in comparison to the value of those not heat treated 
‘The average value of this property in tension is a little highe: 
that obtained from the transverse test as is to be expected 

The tensile strength of the heat treated specimens is decreas 

by about 36 per cent as compared to the values of the not hea! 
treated specimen. For the Brinell and scleroscope hardness t! 
same decrease is respectively 38 per cent and 41 per cent. 1! 
indicates that the hardness test for this type of east iron furnisl 
a good comparison of the relative tensile strength of 1! 
treated cast iron. 


treated to not heat 
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Table V 


Me 
200 000 
fs MO O00 
2 QUO O00 
VP YOO LOO , 
OOO 000 LOO 
2 LOO 000 LGOTO0 
, ‘OO L000 Sooo 
"GOO 000 ORE) 
OOO 000 LO400 
£00,000 ,OSO0) 
, MO O00 "LOOU 
2 OO 000 hG LOO 
OOO LCM) Lodo 
OO L000 OOO 


1: 
I: 

| 

| 

| 

| 

| 

l 

12500000 LO TO0 
| 

l 

l 

l 

| 

| 

| 


SLO OOO TOBO0 
OOO 000 LGOS0 


> OOO 000 49000) 


O44 


COMPRESSIVE AND Stearn Tess 


Phe results obtained from COMLPPFeSSION ana 


Moin Table Vi. In Kio 


g. 3 is shown the stress-strain relation for 


shear tests are 


umen K-16-1 and E-16-3 when tested in compression, — Llere 


in the values of the stress and deformation show a straight line 


moup to a stress of about 10.000 pounds per square inch 


‘heat treated specimens and somewhat higher for these not 


treated 


Also the relative deformation shows a more rapid 


rease for the former than for the latter specimens after passing 


straight line relation. From this proportional relationship 


modulus of elasticity in compression was determined. This 
eis tabulated in Column K.. Krom the COMPpressive tests the 
ulus Of elasticity of the specimens showed a decrease of about 


* 
( 


ent due to heat treatment. 

"he compressive stress is tabulated in column S. and the 

ve decrease of this property for the heat treated specimens 
(0 per cent. After the specimen failed the angle of the 
failure was measured and tabulated in column ©. The 
Stress Is given in column S, and the decrease here is 

per cent. In the column © there has been tabulated the 
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value of the angle of failure for cast iron as comput 


formula’. 





eot © 


where 8, the maximum unit shearing stress 
S, == the maximum compressive stress. 


It is to be noted that the computed and measured 
failure are in good agreement. It is, therefore. possible 
a satisfactory value for the shearing stress if the compress 


and the angle of failure have been determined. 


or Pow 
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Fig. 3—Stress-Strain Curves from the Compression T* 
MICROSTRUCTURE 


A study was made of the microstructure of all the 








whose mechanical properties were determined. Low 
power magnification were used to bring out the true str 
the specimens. 

Photomicrographs, Figs. 4, 5 and 6, show the typical st 


*Upton, Materials of Construction, page 84. 
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the not-annealed specimens. Photomicrograph Kig. 4, 
100 diameters, shows clearly the even distribution of the 
articles throughout the ground mass which is unresolved 


iwnification. A gray cast iron of this structure shows sat 


Table VI 




















































tory casting practice. 


Lit’ 


nh, 


* ‘b Ss .) 
12,100,000 GOGOO 56 19700 57 
13,500,000 59000 57 19800 tt 
14,350,000 97500 os -~S9O0 60 
14,200,000 LOOTOO Os 29500 59°30 
13,950,000 63200 O6 "1400 56 
12,750,000 62600 57 29100 575 
13,900,000 QS500 DS 32300 5R°R30 
12,050,000 Q7TSO0 re 81600 57 
13,800,000 5THOO 56 21200 54°40" 
12.700,000 GOSOO 57 20900 55°30) 
15,000,000 L1S000 56 22600 55°20) 
15,050,000 LO3000 58 39100) 58 
12,250,000 GOGO0 57 0900 55°20) 
11,500,000 GO2Z00 Bo 214.00 5 4°3() 
13,800,000 LOOTO0 57 28400) 56°80) 
14,000,000 LOLTZ00 of 2a) AEOR’) 


2 S$? 0.000 





GbOGBOD 2H? SU’ ~O900 DDE RO 





40,000 LOLSO0 ai au 82500 4° a0 


913 O97 645 


The magnification at 1000 diameters is 
With this magni 
there were found small areas of cementite near the graphite 


ed in photomicrographs, Figs. 5 and 6. 


The ground mass was a fine-grained pearlite having a curly 


Wey ure, 


\) nealing this east 


vraphite particles, 


Tr ased size ot the tlakes. 


iron above the critical temperature pro 


omplete change in the microstructure. Photomicrograph, 


taken at 100 diameters, shows a decided increase in the size 


in photomicrographs Figs. 8 and 9 shows more effectively 


The increased magnification 


The fine-grained pearlitic structure 


ly absent and the groundmass is now free ferrite. Deep 


of the annealed specimens brings out the grain boundaries 
errite when subjected to high magnification. 

he annealed specimens, the combined carbon is nearly al! 
d. This elimination of the combined carbon reduces thi 


ts in the casting and gives it excellent machining properties. 
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hig #, 5 and 6 —-Photomicrographs Showing the Typical Structure | 
healed Specimen big. 4 Specimen EF-16-3 was etehed in Picrie Acid Mag 
Specimen E- 16-3 was Etehed in Pierie Acid Mag. 1000X Fig. 6-——-Sper 
hktehed in Pierie Acid Mag. 1O00X Mig. 7 Shows the Structure of a Cast 
hig t,o and 6 After Annealing Above the Critical remperature \ Decick 
(Graphite Particles Will be Observed Mag, LOOX 
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Kkrerecr or Time ON ANNEALING 


Vable VIL are given the results which show the effeet of 


the specimen to be heat treated at a temperature of 1650 


2 and 3 hours, specimen 125-9 was tested 


Kahr. for O, 1, 
ved from the foundry All others were heat treated. About 
charge was used in making castings as in the ease of 


em sade 


thy Ie SCTICS, 
-o-O had about the 


| ‘ 


me mechanteal properties as the average values of the not heat 


is of interest to note that the specimen | 


Specimen k-16-L) After Annealing the Critieal Tem 
Acid Mag. LOOON 

18-2 After Annealing Abe 
LCoOoN\ The Marked Increase 


Photomicrograph of 
Specimen Etehed in Pieri 
Photomicrograph of Specimen } 
Specimen Etehed in Picrie Acid Mag 


Flakes Will be Noted 


treated specimens of the E-series, except In the case of the modulus 


Corithe il Tem 


ve the 
in Size of the 


of elasticity. The value for this specimen is a trifle higher. 

lhe length of time the heat treated specimens were held at 
lho0 degrees Fahr. appears to decrease the modulus of rupture 
nd the total detleetion. The other properties do not seem to be 
ed to any appreciable degree by holding them at this tempera 


lor an interval of time up to 3 hours, 
e modulus of rupture for the heat treated specimens K-25-0 


Ny 
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show an appreciable decrease in comparison to the not heat 
specimen and continues to decrease as the interval of he 
creases. In the case of the deflection, these same specimens 
increase in deflection as compared above and then CON 


decrease in the same manner as for the modulus of ruptu 


Table VII 





















in Brinell 

















Automobile Co. Piston No. 















































| ] 
2 | 
] 2 
6 | 
| 3 
6 Z 
LO | 
} l 
4 l 
~ ; 
7 l 
S | 
] 








decide what 








caused 





automobile company 





Average of two specimens 


LIARDNESS OF 








Used 
187 
179 
178 
170 
L58 
15] 
148 
142 
140 
135 
128 
LOS 
10S 
103 





hardness as is shown 





AUTOMOBILE 


Table VIII 


Automobile Co. 





variation 


a new piston 











n Table VIII. 


11 l 
1] 

1] 3 
1] | 
1] 5 
12 | 
12 Y 
12 3 
12 } 
13 l 
14 l 


in hardness. 


had a 





PISTONS 


Piston No. 


In 


Bending Tension) 
Pp» Sp Ky "Se SoS 
[-25-9 3800 120 59,400 14,500,000 24 500 9 49 
[_250 .. 38100 .137 {8.400 13,600,000 17.100 2 78 
25.1 .. 3025 .129 17.200 13,800,000 16,700 » Bo 
| 95_.2* ee a 9R95 110 44.900 13,250,000 16.300 975 
[.35_3* ~550 OSD £0,000 13,150,000 16,300 9 45 
Compression I] 
Ss, ‘p K. Brin 
I—ZO—8. .cacee ACO D00 D8 14,800,000 179 
1-250 65,700 58°30 13,500,000 1] 
[25] 63,600 57°30 13,100,000 109 
1250 dma iN 64,700 56 13,000,000 106 
1.252 64,900 58 12,800,000 1a 


Automobile pistons used in commercial vehicles vary 


the 
used pistons, hardness values were found to vary from 187 


As new pistons were not available in all cases it is imposs 





the 


hardness nun 
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for the used pistons the hardness number varied from 
113. If the used pistons were originally as hard as the 
nding new piston (there is every reason to believe they 
then the decrease in hardness in the used pistons was due 
temperature of the piston while operating in the engine 
ommercial conditions. Iluebotter® states that the tempera- 
the center of the head of a gas engine piston under full 
about 850 degrees Fahr. Under extraordinary conditions 
temperature may be exceeded. And it is possible that the 
rature could be sufficiently high to produce the decreased 
ess. In the case of some of the used pistons, their hardness 
jual to the value of new pistons; and since no data were 
on the time or condition of service of these pistons, it 
be difficult to decide whether or not the operating tempera- 
‘fected their hardness. 


SUMMARY 
(he results recorded in the previous pages may be summarized 
follows: 
In heating a gray cast iron above the critical temperature and 
cooling slowly : 
1) The machinability is benefited in the ratio of approx- 
imately 6 to 1. 
The maximum strength properties and hardness is de- 
creased from 30 to 40 per cent. 
The modulus of elasticity is decreased from 8 to 10 
per cent. 


The maximum deflection under transverse loads is only 


slightly decreased, 
The allowable working stresses of cast iron are de- 
ereased about 10 per cent for the same deformation. 
6) The microstructure is materially changed. 
(he commercially used pistons vary in hardness from those 


in-annealed to those annealed above the eritical temperature. 


ACKNOWLEDGMENTS 


\ 


‘lis investigation owes its inception to F. C. Bahr of the 


llead Steel Products Company of Minneapolis. The above 


ter, Mechanics of the Gasoline Engine. 


















TRANSACTIONS OF THE A. 8S. 8. 7 








company Turnished the specimens, heat treated, and ma 
material; and through the eourtesy of their Messrs. Wilbe 
and Kmmons, it was possible to carry on the tests. Ack) 
ment 1s due Miss Green of the metallographical laborato 
University of Minnesota for her assistance in preparing t] 


micrographs. The mechanical tests were performed in 









perimental engineering laboratories of the University Min 


nesota. 





The AU riors 
Gborce C. Priester was born February 1, 1885, 1 
(iutenberg, lowa. lle graduated with the deeree oo} 
Bachelor of Engineering from the State University o 
lowa in 1910 and received the degree of Master o 
Science from the University of Minnesota in 1916. Sin 











——————— 





G. C, PRIESTER Fr. J. CURRAN 











1910 he has been teaching at the University of Mun 
nesota in the department of mathematics and mechanics 
and is at present an associate professor in this depart 
ment, 

Mr. Priester is a member of the American Societs 
for Testing Materials, American Society for Steel Treat 
ing, Sigma Ni, Tau Beta Pi, Minneapolis Engineers 
Club, Society for the Promotion of Engineering Edu 
cation and Theta Ni. 

He is a co-author of a paper ‘‘ Effect of Temper 
ture on the Mechanical Properties of Steel’’, published 








DISCUSSION 


Chemieal and Metallurgical Engineering January 


19?3. and author of **‘ Determination of Poisson's 
tio’’, Minnesota Technolog, May, 1925, 


MRANCIS J. CURRAN was born Aueust 6, 1902. in 
Dyuluth, Minnesota. lle graduated with the degree of 
letallurgical Engineer in 1924 from the University of 
innesota. tle was engaged as metallurgical engineer 
for two years with the Arrow Head Steel Products 
Company of Minneapolis and at the present time is 
ietallurgist for the Associated Chemists, Minneapolis, 
\linnesota. 

lle is a member of the American Society for Steel 
lreatine and Sigma Rho. 


DISCUSSION 


Written Discussion: Ky Il. A. Schwartz, manager of research, National 

eable and Steel Castings Co., Cleveland, 

(he authors have shown very plainly the changes of physical properties 

ting in a gray iron of approximately eutectoid matrix, which is graphi 
ed substantially to completion. — It may be well in this conneetion to call 

tion to the fact that the metallographic change which they produeed did 
t take place altogether at 1650 degrees Fahr., but in part occurred during an 
propriately slow cooling, below the eritical point. It is only below A, stable 

ferrite alone can be present, under equilibrium conditions, in contact with 
bon or iron earbide. 

It has long been known that the malleable casting is the most machineable 
mercial ferrous product. ‘The heat treatment of gray iron, as outlined by 

resent authors, is that normal in the malleable industry, but suitably 

viated as required, for the purpose of completing the graphitization, which 
| largely progressed during the freezing of the original alloy. Under these 
nditions, the authors should have, and actually observed, a corresponding 
rovement, with regard to the machineability. 

Their product differs from that of the malleable foundry in that suel 

it treatment as theirs, while it can accomplish complete graphitization, 

produce the particularly desirable nodular form of carbon secured 
the original material is completely free from graphite. 

‘hus, for a Brinell number on their annealed samples, slightly lower 
n that of ordinary malleable, they observe an average tensile strength of 
pounds per square inch, instead of 50,000 pounds or over, normal to 
le iron. The lower deflection in cross bending of annealed gray iron 
mens as compared with what might be expected from malleable is sim 

SHOWN, 

e commercial utility of the heat treatment of gray iron would seem 

end largely upon whether machineability or strength is the property 

ued in the resulting product. As the authors have shewn, the heat 


of gray iron improves the former at the expense of the latter. The 
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engineer or heat treater confronted with this problem should. ¢ 
sider carefully, whether the casting made more machinenble by tl 
treatment will still be useful for the intended purpose. In om 
Will possibly not be true. Poy exiumple, we may consider the 
or the piston ring of the automotive engine, where resistance 
should be of mueh yreater value than the decreased eost Of prod 
paunving greater machineability. 

The preceding comments are not made by way of criticism 
of the authors’ paper, but rather in the hope that they may by 
interest to readers of that paper, in making applications in thei; 
Ing practice, 

R.S. MACPHERRAN: | merely wish to ask a question us to 


any, kept on the relation between the wear of the unannealed sand 
piston. In our own experience we are asked to keep the iron ha 
show satisfactory wear. The authors’ results of 2O sel roscopn 
would seem to us to be soft for a casting to be subjected to \ 
Another fact | noted was the lowness of the tensile value 
I to 1% per cent in silicon with 17 per cent steel, 5 per cent 
iron, vet the tensile strength only goes up to less than 25.000 pound 
inch, We expeet to get well ove 40,000 pounds per 


square 


same analysis iron. We made quite a number of experiment 


I 
castings, but never went to the extent the authors did. We nev 
over 15 to 20 per cent of the tensile values, 

W.J. MERTEN: It seems to me that this paper should stimu}! 
tional work on annealed iron particularly with reference to the ac 
testing for the properties which the authors have deseribed, It 
justified to conclude that the actual] Values do change in the differ 
This is particularly true with reference to the moduli of elasticity, ; 
like to ask what make of testing machine and method was 
determine it. The variations are so slight that I am quite conyin 
errors in testing rather than material differences. 


| do fot believe the modulus is changed by the annealing 


the fact that it is higher one time and lower the next is certainly not 


us to its accuracy. Additional tests to verify these values shou 
especially in view of the fact that we have no definite or aeeurat 
the properties of cast iron. 

Dr. S. L. Hoyt: T notice the Brinell hardness is given a 
It oceurs to me this is quite unusual for east iron. |] would like 
formed if this is apt to be met with in pistons, either new or old. 
the exception? 

Dr. D. J. McADAM, Jr.:) The annealing has been earried so fat 
microstructure contains no pearlite. The general properties of ca 
better for most purposes if the matrix contains some pearlite, 

CHAIRMAN T. D. LYNCH: One day last week I saw two sam) 
test iron 10 inches long by approximately 5-ineh in diameter that 
normalized, The normalizing operation caused an elongation of 1/1 


an inch, 
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ndering wf the soft hing tendeneyv of these treatment ure not due 












sion of the metal and the corresponding opening up of texture, 






of rings in service, they expand and wear off | noticed in some 





of long time in service that the hardness beeame | us the age in 










uyvestion is offered in the hoy someone may wish to diseuss it 








LOCK In connection with the wearing qualities of east iron 
Ingersoll-Rand Company at. thr \thens plant have carried On on 
number of experiments along this line. We have had eonsider 


with hard castings, and, in trying to anneal them, find that there 





change in hardness until the tempeorature reaches the eritieal tem 






| then the structural change is SO quick that if as impossible to 





point whieh will give a desirable 0.70) per cent combined carbon 












ult is complete graphitization of thi enrbon, resulting ino nothing 
ind ferrite whieh gives a very poor wearing surface On aceount 


ult if was necessary for us to discontinue anneantiing cast ir )6n 









(*, PRIESTER 1 will answer some of the questions as far as I am able. 


\ not conduct any wearing tests on it from a laboratory standpoint, so 





e comparison between the annealed and the unannealed, as would be in 








the wearing of the piston, is not known 


rht add that | just came in contact a short time ago with a company 







ing an anneal up to 1650 degrees Fahr. on their bearings, cast iron 
They are using cast iron bearings in preference to any other beat 


have been able to use in their work This is high speed machinery 





Vhether that has any significance | do not know. They were continually get 








es in all kinds of bearings, and finally they found cast iron which 
led up to 1650 degrees Fahr. was the most satistactory bearing 
nt to say that the low tensile strength was probably due to the 


ting that was to be poured 








king a piston casting is the foundryman’s job and he has got a big 
hands, ‘The easting must be machined on all sides, and it is sub 
inspection after it is machined on all the surfaces. It is also a thin 


You will note in the chemical composition a low phosphorus and low 







ontent Ile is pouring a thin easting Those are problems that the 
man must meet. You ean probably do better work, get better strength 
i different casting to make, [merely say that, not from omy stand 





from the foundryman’s standpoint 








1 regard to the testing apparatus, | want to point out that there 
ts of specimens, 13, 14, 16 and 1S These were all taken from 
heats on different days, so that you would expeet a variation, \lso, 


Inens were taken from a production foundry and not from a laboratory 








here you can make identically the same thing. They were probably 
erent size pistons on one day than they made on the day the next 
vere taken, and so on. So that vou would expeet a variation in them 


testing of east iron | have found east iron to vary from the values 






ay, 10,000,000 up to POODOO O00, and | have seen result where the 
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values run up as high as 30,000,000 for the modulus of elasticity 


in the way we determine it, so you can see there is wide vai 
depending on the foundry properties. 


Now, the low Brinell hardness, in answer to Dr. Hoyt’s quest 


say that in making our tests on the low Brinell hardness, we used 1 
weights and not 2000. We did not use the 500-kilogram weights 
found that the indentations were unreliable and hard to me 
the thin eastings we had to support the piston in such a way t! 
not crack under the load, and we found that a 1500-kilogram load 
support would give very good compression to make a good reading 
«heck reading or check readings. That is, we did not depend on a sing 
| am not prepared to say much about or answer Dr, MeAdam 
except to say that the annealing did give us this structure. Whet 
the desirable structure for automobile pistons, [ am not prepared to 
object was to run tests on physical properties of annealed cast iron 
company was willing to put out the pistons under those conditions 
might suggest as a study, is the effect of the properties when thi 


is not earried as high as we carried it. I think it would bear frui 





STEEL FURNACE CRYSTALS 


J. S. G. PRIMROSI 
Abstract 


Krom a description of a steel-furnace-bank crystal 
roup, and micrographs of a section taken from a fifty 
pound specimen, the striking features arising from the 
slow cooling of hyper-eutectoid steel are discussed with 
eference to the brittle Widmanstatten structure. The 
very low power resolution of the pearlite lamellae ; and 
he intersection of the primary cementite needles are 
noteworthy. 


W I1KEN small pockets of molten steel are entrapped on the 


bunks of open-hearth furnaces and, instead of working 
lown to the usual low carbon point of the bath, are left with 
moderately high carbon contents to cool down slowly in_ po 


in the furnace, some interesting results in’ the for 





Fig.1 Portion of Mass of Steel Crystals Slowly Cooled 
on Furnace Bank. 


uation of massive steel crystals often occur. When they 
“ome to be broken up the appearance of the fractured faces is often 
peculiar, and quite extensive conchoidal surfaces are formed in 
this way with quite smooth facets many inches across, although 


\ paper by J. 8S. G. Primrose, metallurgical engineer, Manchester, England. 
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Fig. 2—Cementite Needles Lying in Four Directions in Pearlite Gro 
tion 50 x Fig. 3 Variously Oriented Grains of Pearlite in Steel ©: 
00 x Fig. 4 I'wo Differently Inclined Grains of Pearlite in a Steel 
Diameters 








STEEL FURNACE CRYSTALS 


ht be termed the roots of the steel mass next to the lining 


omparatively small-faced and variously oriented. 


nall portion weighing seven pounds, broken from a much 


ece approximately fifty pounds in weight, is shown consid 
which 


} 


raduced in Kig. l. and the features noted above. 
heen observed by many open-hearth furnace workers, 


nave 


ementite ition 600 x 


clearly visible. What is not so generally considered however, 


he nature of the inner structure of this specially cooled piece ot 


\ TT 


tal, and its study under the microscope otten presents striking 


eatures which are worthy of consideration. 

\t a comparatively low magnification, the structure of the 
polished section reveals a remarkable series of variously oriented 
spikes of cementite, as in the ease of a 1.30 per cent carbon steel 
rystal recently examined by the writer, and these needles quite 
ously follow four different directions as befits the general see- 
of the Widmanstiitten structure. The pearlite grains also he 
variant angles to the octahedral plane, and thus eut the 


| the miero-section in some eases at high angles, roughly 
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80 degrees, and in this way give rise to laminations o! 
cementite which are situated so far apart on the surface a 


that they are perfectly distinguishable at such a moder 


fication as 200 diameters. The part of this specimen 


Kig. 4 at 600 diameters is a small part near the same s) 
top portion of Fig. 3 shown at 200 diameters and 
it appears that one of the pearlite grains has a muc!| 
inclination to the section than the others, which, from ¢| 
of the lamellae, appear to be much more nearly norma 
polished face. 

Perhaps the most remarkable point in connection 
examination of this particular crystal was the finding of} 


a | 
of the pearlitic area in which two distinct cementite needles 
actually cross, and appear to have interpenetrated one another i) 
their growth. This is shown in Fig. 5 at 600 diameters maen 


fication where the two needles cross each other at an angle slight! 


less than 90 degrees, the four corners made by their intersection 
being filled in with laminated pearlite. 









NOTES ON THE A, STABLE TRANSFORMATION 
A Contribution to the Subject of Graphitization 
By H. A. SCHWARTZ 
Lbstract 
The present paper is not submitted as a conclusiwe 

ort on a finished prece of work. It seems desirable 
record certain, rather surprisingly consistent observa 
ons, even though they lead to a distinctly unusual 
ye lusvion. The obse rved facts and thre CON lusion, thal 

| stable is distinctly below A. metastable, are im the 
thor’s judgment adequately supported by evidence. 
The suggestion that A, stable approaches A, wn 
yure iron-carbon alloys, as the concentration of the el 


























ment promoting graph itization decreases, is pul forward 
as speculative only, although it seems to follow logically 
rom the expe romental work at our disposal, 

Such a conclusion would have a bearing on the 
haracteristics of solid solutions, and hence, would ap 
pear worthy of thought, and discussion by others. 


INTRODUCTION 









THE writer has previously shown in co-operation with others’ 
A that the alpha-gamma transformation takes place at lower 
temperatures in the stable system, iron, carbon, silicon, than in 


metastable. Tlayes* and his associates have held that this 1s 












true, postulating that silicon is without effect upon the A 
ut. This supposition is not considered valid, and the most 
recent work of Wever® may be cited in rebuttal. 
The purpose of the present paper is to present certain ex 
perimental data from which, by extrapolation we may draw con 
lusions as to the locus of the A, line in the stable equilibrium 


lagram 








EXPERIMENTAL 
There being no known hypoeutectoid stable iron-carbon al 


ovs, the location of A, by direct experiment is impossible. An 








of Silicon on Equilibrium Diagram of System Carbon-Iron Near Eutectoid Points,” 
S rtz, H. R. Payne, A. F. Gorton, Transactions of American Institute of Mining and 
{ | Engineers, Vol. LXIX, 1928, page 791 
on Cortent of Pearlite in Iron-Carbon Alloys Containing One Per Cent Silicon,” 
\ and H. U. Wakefield, Transactions, American Society for Steel Treating, 




















\llotropie des Eisens,”’ Franz Wever, Stahl und Eisen, Vol. 45, Part 28, p. 1208, 




















per presented before the eighth annual convention of the Society, 
September 20 to 24, 1926. The author, H. A. Sehwartz, member 
‘. S. T., is manager of research, National Malleable and Steel Castings 


na, 
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indirect method of attack must, therefore, be adopted 
of silicon on the locus of the eutectoid point, both in 
tion and temperature, has been experimentally determ 
the writer’s supervision, loc. cit. 


The effect of silicon on A, may be regarded 


as 


its effect on the locus of the A, and on the earbon 


di 






an 
existence apart from <A, at concentrations of silicon 


of the eutectoid, and A, obviously ceases to have 


at which the carbon concentration of the stable 





Clit 





comes zero. If then, we observe the etfect of silicon \ 





still higher concentrations, 1. e., at values where there is 





a change of carbon content of the eutectoid possibl 
of silicon on A, and A, is identical. 







Such an observation showed the stable A, point 







cent silicon to be 1724 degrees Fahr. (940 degrees | 


compared with 1589 degrees Fahr. (865 degrees Cent 


per cent silicon, by extrapolation in our former pay 


een 


being at the rate of 17.6 degrees Cent. per 1 per 






as compared with 16.6 degrees Cent. per 1 per cent s 


previously observed in metastable alloys for silicon va 





12: i.e, in the range where A, is below A... 


It was shown by the author in discussion of [a 










Wakefield’s paper, loc. cit., that above this concentrati 
fect of silicon upon the carbon concentration of pearlit: 
By extrapolation from the data just quoted, A, stable app 
the value 1470 degrees Fahr. (799 degrees Cent.) as a | 
the carbon and silicon content approach zero. If the san 
of experiment and reasoning were applied to other ter 


tems of carbon and iron, the same limitine value of A 







he obtained, since the concentration of the third element 
in the limit. 


Walter states that boron in small amounts promot 






itization. It cannot be employed, for our present purpos 
larger amounts it inhibits graphitization*, and hence, we cam 
extend its investigation into regions where it entirel) 
carbon from the stable solid solution. Nickel may be used : 


stitute for silicon. and also four other elements which t! 








is unfortunately not permitted to name at this time. Amo! 









. ‘ ” \l 
*“Chemical Elements Inhibiting Graphitization, Ht. A. Sehwart ind ¢ 
Convention of American Foundrvmen’s Association 



























nn solubility, 


VOTES OA 


of silicon. 


values 


ot 


lation employed above, were 





Pith A 





Ae stable, obtained 






STABLE TR 


While three have 


All 





Degrees Cent 


Nickel 790 
Klement A R10 
Klement B 825 
Klement ¢ wou 





fourt hy 


the two 


Nhe fleures 


eCTIS sufficiently 


ental 


ent rely 


The loeation 


ron that one is led to consider the 


Healy 


7 





element 


method 


of 





rave an 





accidental, 


(CCONCLUSIONS 


the A 


by 


indeterminate 





INSFORMATION 


raise and some lower the critical points, while one has 
vht effect. Two have little, or a negative effect in decreas 
a positive eflect 
five elements have been studied 


ough not, of course, as thoroughly as the common element 


the same 


1454 
1400 
a 





stable point is so near that of <A, 


The author 


methods 


result, 





‘4 
AOU 


less 


SOE 


but 


Ih 


ot 


since it 


points, but does not decrease the carbon. sol 


viven above are for the Ac, point. The agree 
close, having in mind the circuitous ex 
enforced on us, to justify the belief that) it 


in 


possibility that the beta 
not exist in the stable system. 


has been 


to formulate a conception of a carbon-free stable system, 


t 4S probable that the preceding suggestion were better ex 


d by saying that the stable A, 


cl hes A » 
vely 
llonda® 


etleet oft 


of our method of 


Increments 


If Wwe 


; | 
able 


ry 


Ni 


ener 


decreased. 


carbon On 


postulate a straight A, 
eutectoid 


of Depre 
Repo 


the A 


of earbon on the A 


point, and compare 


rations with that of the established metastable 


ion of 
t of 


Freezing Points in 


the Tohoku Imperial 


transformation. 


Met illic 


stuble tran 


stable line joming A, 


its slope at 


reed to a conception that while austenite contains its carbon 


Alloys,”” Kot 


niversity, Serics 


: 
rom 


point of the binary system 


as the limit, when its carbon concentration is pro 


has shown that the Van’t Hoff equation is applicable 


the lim 


attack, we lack data as to the effect of 


sformation 
and 


moderate 


A. line, we 





iro) Honda 
I, Vol 


ina 


AIV, 
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in solution in the form of 





molecules, containing one at 
bon each, boydenite, the stable solid solution, has as 







a molecule containing more than one, and probably 
ecules. 

It is realized that the problem is worthy of much m 
and that the conclusions offered may not yet be consid 


as well founded hypotheses. Since, however, they hay 











confirmation from every angle, so far investigated, the au 
impelled to offer them here at least as a subjeet for 

It is regrettable that the data concerning the elements ot! 
nickel and silicon are still to be regarded as confidentia| 
held from publication. There is hope that these facts 
leased at some reasonably early date. 

The author’s thanks are extended to his several 

Dr. A. F. Gorton, Dr. M. M. Austin, H. R. Payne, W. \ 
G. M Guiler, H. Il. Johnson, and Mrs. A. N. Hird, 


experimental observations this paper depends 


| 





ry)? } 
] \ 
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DISCUSSION 





Written Discussion: By Dr. Anson Hayes, lowa State College, Ames, 























he discussion of the paper ‘‘'The Carbon Content of Pearlite in lron 


Alloys Containing One Per Cent Silicon',’’ whieh was read at the 


onvention the equation 
dT 


dX 





representing the relation of the change in the temperature of the 
tion with change of mole fraction of a solute (earbon or silicon) 
ese are present in small mole fraction. In this equation T is the 
re of the transition. AH is the heat absorbed when one formula 
f iron (55.84 grams) is changed from alpha (beta) to gamma, X 
mole fraction of the carbon or the silicon, as the case may be, and Kk 
listribution ratio of the earbon, or the silicon, between the alpha and 
} 


aises 






X in alpha 









X in gamma 





venerally conceded that carbon is essentially insoluble in alpha (or 
iron and thus this equation takes the form 
-AT RT? 


NH 







aX 


















bing the influence of first 





the additions of carbon to pure iron. In 

rds, the temperature of the As transition is lowered by addition of 
\ccording to the report of Wever, given by Mr. Schwartz, the first 
of silicon raises the temperature of the As transition. This is inter 
meaning that K of equation (1) is greater than one. In other 
hen the gamma and alpha phases are in equilibrium, the silicon distrib 
between the alpha and gamma iron in such a manner as to be 


the alpha phase in higher mole fraction than in the gamma phase. 


NS, American Society for Steel Treating, Vol. 10, p. 214 
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In this paper’ the fact was pointed out that if K 


greater than one a three-dimensional diagram will be 1 


( 
A ‘ 


the more exact behavior of the three-component system 


: 
instead of the two-dimensional diagram which was propose 

The writer wishes to state that he considers the refer 
Sehwartz and Mr. Archer to be conelusive in showing tl 
of As is raised though it seems impossible at this tim 
sharply the rise takes place with the first additions of si 
be that the two-dimension diagram will prove much m 
practical metallurgist due to its greater ease of interpretat 
exact and more complicated three-dimensional diagram, It 
facts that no immediate change in the _ two-dimension 
presented was made. 

Since the presentation of the paper by Hayes and W 
has shown in his paper ‘‘ The Effect of Manganese, Silico 
upon the Pearlite Interval’”™ that the influence of a third 
manganese, silicon or phosphorus is to spread the A, trar 
temperature and composition interval. This spreading o 
interval is the result of the unequal distribution of the 
tween the austenite and the alpha iron and cementite wl 
spreading out found by Kjerrman is in complete conforn 
of K for silicon in equation (1) being greater than unity 

Now Mr. Schwartz is attaching a significance to th 
silicon, which is entirely outside of anything that the write 
Evidently, Mr. Schwartz’s conclusions are arrived at from an 
method of approach than that which the present writer has used 


seems best to present the accompanying diagram and the met 
at it, as the most direct method of explaining our very differ: 
significance of this rise in the A, transition with silicon. 

This three-dimensional diagram is a modification f ft 


dimensional diagram and is changed so as to make it c 
assumption that at one per cent silicon the A, transformat 
free iron is raised to 1740 degrees ahr. (950 degrees Cent 
not considered as de finitely established but it is the higher of 
by Wever and Oberhoffer.’ 

The same general type of modification would result if A 
greater or smaller value than the 120 degrees Fahr. (50 
sumed here. The further assumption is made that at any ¢ 
left of the A, stable or A, metastable lines equation (1) gives 
silicon and equation (2) that of carbon upon the temperat 
transition. 

If pressure upon the three-component system iron-earbot 


sumed to be constant, then the equation P + I t gives I 





“Loc. cit. 
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solution are in equilibrium, when carbon and solid solution are 
m and when solid solution and cementite are in equilibrium, Th 
itv and the Aem lines become respectively the A,, the 


t hic \em int when ly] iron. earbon and = solid 





df R1 
dX aH 


equilibrium I l as it does also wl alpha iron, cementit 
tion are in equilibrium, This Sig) ifies, AS in hey 30 nice ly 
” pont becom ~ a lines 1 . } I three component 


and the \ metastable Chi ‘ LK place ata series ol 
ind compositions as represented table and the A, 
nes respectively 


lance with the foregoing treatment I constructed 


' ? 
0) lng POINts 


the intersection of the A, and Aem surtac 


nner of drawing the A, surface makes it distinetly curved in the 


plane and makes the surface very nearly a plane at a point slightly 


1.00-per cent silicon plane. This was to conform to the faet that 


beta transformation is lowered from about 1415 to 1400 degree 
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ahr. (768 to 761 degrees Cent.) by the presence of this percentag 

In accordance with the method of constructing the two-din 
gram® the A, stable line in the three-dimensional diagram is cons 
the intersection of the carbon solubility plane with the A, plan 


We are not as fortunate in regard to data for locating 







the A, stable line in space as we were in the location of th« 


due to the fact that the temperature and carbon content of t! 
eutectoid in the pure iron carbon system are not known. Th: 
( 


point § 


‘== 0.57, T = 771°C should be very near the position of the A 





1 
1.00 per cent silicon. This point is plotted on the accompanying 


being slightly below and to the left of the A, plane. The reason 
off of the A, plane is largely due to the fact that the value fi 


was determined by Hayes, Flanders and Moore® upon a 0.95 








alloy and the value 0.57 per cent carbon was taken from the solul 
of Sehwartz, Payne, Gorton and Austin’-which work was done up: 
cent silicon white iron. 










A reasonable correction for the variation of carbon content 
ing a variation of silicon from 1.20 per cent to 0.95 per cent 
place this point upon the A, surface. 

NOTE—tThe writer wishes to state that the agreement between 
content of pearlite in a 1.00 per cent silicon white iron, as obtains 
method used in extending the A, line from the iron-carbon eutectoid 
temperature 1320 degrees Fahr. (771 degrees Cent.) as shown i: 
of Hayes and Wakefield® and that determined experimentally by W 
in this paper, is very good, indeed, if the above correction for ¢ eff 


variation of silicon upon the carbon content of the iron carbo 





made. This does not preclude, however, the possibility of the A 





raised through a considerable interval by the presence of 1.00 per cent s 


as may be readily shown from the accompanying three dimensiona 





The general direction of the carbon solubility surface with resp 
temperature and carbon is fixed by the fact that in the 1.00 per cent 
plane iron carbide is metastable and thus the carbon solubility p! 
the left of the Acm plane. It is also rather closely fixed by the s 
studies of Schwartz, Payne, Gorton and Austin. The A, stable lin 
parallel to the A, metastable line for want of other evidenc 
Maxwell and Hayes® which shows that iron carbide is metastable at | 













grees Fahr. (720 degrees Cent.) in the pure iron carbon system 
The behavior of a hypereutectoid alloy of about 1.00 per cent 
0.5 per cent silicon when cooled slowly from a temperature abov: 
range will be as follows: At the point where the 0.5 per cent sil 
per cent carbon vertical line strikes the carbon solubility plan 








SLoc. cit. 








®°TRANSACTIONS, American Society for Steel Treating, Vol. 5, 1924, p. I> 
TTransactions, American Institute of Mining and Metallurgical Engineer: 
p. 212 









8Loc. cit. 











*Journal, American Chemical Society, Vol. 48, 1926, p. 584 




















































} 


S 


yy) 


omposition and temperature to follow 


on begins to 


DISCUSSION 





separate. 





Since the separation of 


earl 


on will not 


ge the silicon content of the solid solution, the composition temper 


s of the solid solution will follow the carbon solubility plane and 


the 


A, stable line 


at a point very near 


the O.5 


) 


per 


mm this point the separation of alpha iron will cause 


will | 


on content ol 


f the separation of carbon in such a manne 


the solid solution and this effeet 


is 


the As 


eent silicon 
nu reduction 


ve combined 


to cause the solid 


stable 


of more carbon, less silicon and a lower temperature. 


line in the 


behavior of a hypoeutectoid alloy upon cooling slowly from a tempe} 


( 


er eent 


the eritical r: 


earbon 


, 0.25 per cent 


temperature of 


ble line is reached. 


ha iron begins separatiu 


containing 


-— 


inge and 


woald be as follows, At the point wher 
carbon vertical line intersects the A, surt;: 

i from the solid solution. ‘I 
the solid solution then follows the 


Due to the fact that we 


that silicon is more soluble in alpha iron than in 


gamma 


A, surtace 


for example, 0.5 per cent silicon 


the 0.5 pen 


ice See dia 


‘he ( omposi 


until 


have, in this discussion, 


iron, the 


content of the solid solution will be less than 0.5 per cent when the A, 


om 


(‘¢ 


a 


more carbon and a lower temperature. 


the A 


S 


itectoid line is reducing the silicon content 
Te ¢ 


allov, 


solution 


is reached as 


+ 
t 


Ws point of 


f the solid 


11con, 


in which ¢: 
in such 


to 


solution 


This is beenause the alpha 


ise 


follow 


shown in the figure. 


intersection, if cooling is sufficiently 


and its temperature 


iron 


ot 


the separation of 


the A, metastable line in the 


follows 


the 


direetion 


slo 


fo 


SO 


f eooling is too rapid in the case of either the hype 


the composition of the solid solution may reach the <A, 


In case the cooling 


the eom 


limited 


Ws 


I al 


, stable line in the direction of lower temperature, more carbon 


separating along the iron 


lid 


solution. 
 / 
oO! Hypo 


meta 


alpha iron and iron carbide will 


i manner as to cause the compositions and temperature ot 


less 


the 


of 


from 


er temperature is also sufficiently rapid, the Aem plane may be intersected 


+ 


} 


( 


4 


hehavior accompanying the 


the writer’s belief that austenite is essentially of the same 


4 


ase 


he figure. 


ure whether it 


from a 


ote 


proeutectoid cementite will separate. 


foregoing figure and 


discussion 


This contingeney 


is formed from carbon or from iron e@a 
discussion of the paper of Hayes and 
nging the words line to surface and point to line as fol 


\\ 


( 


from the solution 


hat carbon 


may 


taken 


as cementite and 


solution in 


the 


be into solid 


reverse 


austenite 


process 


is also 


Is 


the 


funda 


rbide. Thus 
Wakefield" 
lows. First, 
and pre 


that eemen 


be taken into solution and the carbon may be precipitated indicates 


must be a mec 


the other. 
n both cases. 


+} 


e carbon in 


hanism for the conversion of 


earbon in each of 


these 


If such is the case, the solid solution is very probably 


If we accept the concept of the solid solution as that 


the austenite enters the interior of 


the 


er presents and which reference Mr. Schwartz quotes, we may con 


fiece-centere 
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in the cementite 
face-centered cul 
that the carbon 


cipitated without 


that the difference between austenite saturated with carbon f) 


cube whether it ¢ 
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omes from carbon or from cementite and that th 
take their place in the regular positions of th: 
eS, If this is correct, the cementite is formed 
is precipitated. At the iron-carbon eutectoid e: 
the formation of the carbide. This being the 


( 


OT! 


saturated with carbon from cementite is simply that a greater : 


face-centered cubes in the solution saturated with carbon from e« 


their interior oce 


upied by a carbon atom. This concept at least 


our present knowledge of the structure of austenite as deriv: 


studies. The writer has stated elsewhere that this same statement 


of austenite in t 


‘arbon) if such 


In either of 


he presence of more than one form of the sol 
forms are in equilibrium with each other. 


the above contingencies alpha iron should 


the carbon solubility plane crosses the A, surface. For equilib 


there should be no discontinuity in the A, surface. 


If these conclusions are correct, it becomes evident that thi 


A, surface. This being the case there is only one A point in 


carbon system and it is the stable A 


2 and occurs at about 1 


ahr. (900 degrees Cent.) Certainly there is no significance to 


tion in pure iron except that it represents a stable transition fo: 


gamma iron is a stable phase above its temperature and thx 


a stable phase below it. 


There is another fact which seems to the writer to be a fw 


jection to a value for A, stable in pure iron carbon alloys at any ot 


ature than the one which is usually taken 1650 degrees Fah 


Cent.). Suppose 


we assume that there are two molecular weight 


one which we will eall (C) and the other (I Fe,C). For dilute s 


slope of the A 


if may be integr 











line is given by equation (2) and under suel 





ated to the form T X, where X is 





tion of either the (C) or (Fe,C) as the case may be. Now in tli 
diagram the abse 


issa is per cent carbon and at low values for carl 


for X, if we assume (C) to be the solute, is very nearly the sam« 


for X if we assume (Fe,C) as the solute. The fact is that the 


would not differ by more than 4 per cent even up to 0.5 per 


As zero carbon is approached they approach each other and 


become identical. 


Hence it appears that there would be only the on 


at zero carbon and silicon even if it be granted that two absolutely 


solid solutions may exist. The writer, therefore, doubts the existe) 


A, stable transition as distinct from the A, transition which we ki 


in pure iron-carbon alloys or in iron-carbon silicon alloys containing 


than one or two 


per cent silicon. 


The writer regrets that there is not more dependable data fron 


three-dimensional diagram might be extended, for example, a few 


for A,;, A, stable 





and A, metastable would be of great assistance 1 
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unner in which these three change in curvature. It is of interest to 
weording to Wever," at silicon contents between 1.00 and 2.00 pei 
rature, A, transition in pure iron silicon alloys rises very rapidly. 






the A, surface distinctly concave upward. Now if the Aem sur 


carbon solubility surface should remain nearly plane or should 


ncave downward the A, stable and A, metastable lines would both be 















ard and toward the right, that is, in the direction of less rapidly 
carbon contents and later to increasing carbon contents. If this 
the behavior, it is evident that neither the carbon content of A 
\, metastable would become zero, and also it is evident that thei 

res would rise possibly above 1830 degrees Kahr. (1000 degrees 
higher sileon contents. 

e foregoing discussion may thus be summarized as follows. The as 

tion that the A, transition is raised in temperature by additions of sili 
bined with the assumption of the laws of dilute solutions for silicon 
bon in solution in gamma iron leads to a three-dimensional diagram 
counts for the rise in temperature of both A, stable and A, metastable 


increases. It also agrees qualitatively, at least, with the fact that 





rbon content of the austenite at these two transitions first 





decrease and 





rease as the silicon content increases. 







\ccording to this treatment there is only the one A, surface which is con 


e A, stable transformation. It is further concluded that all methods 





xtrapolation for A, in the pure iron-carbon system by use of data obtained 





ternary system consisting of iron-carbon and a third element such as 


or nickel should lead to the usual A, transition. 





lhe writer wishes to acknowledge the meagerness of the actual experimental 







iilable for the construction of the accompanying equilibrium diagram. 


s in progress in an attempt to obtain further critical data for its veri 














Written Discussion: Ky Oscar KEK. Harder, University of Minnesota, 







polis, Minn. 


Definition of Terms: First, it must be definitely stated what is meant by 







\ ul A;, points or lines. In conformity to the well-established custom 






netastable equilibrium, the A, point on cooling for any given composi 
the temperature at which the solid solution, austenite or Boydenite for 
tter 


becomes supersaturated with reference to iron and carbon and at 


temperature these two phases separate out simultaneously. This point 







the Ar,, or the euteetoid point. The above reactions are reversed 
ug and the point is known as Ac,. Obviously the A, point has no 

in pure iron and cannot be determined experimentally in the very 
rbon steels. 


VV} 


e there is not general agreement regarding A., it is the writer’s 







hat it is not a change of phase and therefore may be neglected in this 
of the stable equilibrium. 


\, point is understood to mean the temperature at which the gamma 







transformation takes place on cooling and the alpha to gamma trans 
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formation on heating. This point coincides with the A, point, 


tectoid reaction. The A, differs from the A,, in that it 
existence in pure iron. 


does h 


Effect of Silicon on A, in Iron Silicon Alloys. From thx 
available at the present time, it seems rather well-established 


silicon content increases, the gamma to alpha transformation 


appears that the addition of silicon to iron lowers the delta to 


formation from about 2550 to about 2190 degrees Fahr. (1400-1 


Cent.), at which latter temperature the line intersects the rais 
alpha transformation. 


Composition Studied by Schwartz and Associates. The alloys 


been reported have contained in the neighborhood of 2.50 per cent 


course in the condition of hard iron these alloys do not represent 


system. It is only after they have been annealed at a suitable temperat 


sufficiently long time to provide for the disappearance of cement 


by solution in austenite and precipitation as graphite or free 


the stable equilibrium is established. The writer is aware of t! 


certain steels show a change from the metastable to the stabl 
at temperatures below the lower critical in the metastable systen 
The alloys which have been studied by Mr. Schwartz and | 


have, therefore, always contained far more carbon than the « 


position. Even though they may refer to silicon contents which r 


earbon solubility to zero, it does not appear that they have stud 


alloys. Obviously in completely anealed malleable the phases ar 


carbon, but there is evidence for the opinion that ferrite is a solvent for 


and that in reality such systems represent an equilibrium betwee 


solid solution of carbon in alpha iron and carbon. 


t 
( 


\\ 


Direction of A;,, Line: The author has taken two points det: 
alloys of similar carbon contents, but of different silicon content, 


by drawing in a straight line which he extends to zero per cent 


postulated the position of A, stable. Such a procedure is surely ope 


tion because he is assuming that the influence of the element silico 


eutectoid point is an additive function of the amount of silicon 


per cent. He has not limited his application to dilute solutions 


laws may hold with a fair degree of accuracy, but has used 


points an alloy containing 8 per cent silicon by weight. If | 


concentration. 


point because the elements are not named. A consideration of the 1 


tems of the various metals might be interesting in this conection 


In conclusion it does not appear that there has been a sufficient! 


i 


apply such a law it appears that it would be better to consider the n 


Elements Reacting Similarly to Silicon: Little can be said 


oO 


( 








statement of terms, possibly there has not been the correct recognitior 


active phases present in the stable system, and finally there has bee! 


polation which does not seem warranted. The writer would lik 


available data for the stable system iron-carbon-silicon worked up as 
system and finally made into models in which the vertical dir 
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DISCUSSION 


emperatures such as those of various critical points. Such a series 


vias prepared by G. A. Rankin in his studies of the CaQ,-Al,O,-S10.. 


Author’s Closure of Discussion 





iyes has given an instructive dissertation on the theory of a three 
il Ke-C-Si diagram. \ssuming his postulates, there can be no 
of the qualitative accuracy of his conclusions and he himself refers 
agerness of quantitative data underlying his reasoning. 
difference in view point between Hayes and the writer is in that 
ner assumes a priori that ‘‘austenite is essentially of the same funda 


ture whether formed from carbon or iron earbide.’’ While the author 


vet prepared to prove the contrary, he certainly is not prepared to ad 


truth of this postulate. No reasoning based on Hayes’ assumption, 
proof of the latter’s validity, can be logically adduced as evidence 


writer ’s view, for the proof then assumes the truth of a concept 


e author submits to argument. Further, if the writer correctly inter 
Hayes, the latter now assumes that earbon and silicon each affeet 
usformation point as though present alone, i. e., neither affeets the 
the other. Hayes seems previously to have eategorically denied the 


of this assumption. 

suggestion that atom, or better, molecular concentration should form 
s of the argument, is fraught with difficulties, for we have as yet no 
e evidence even as to whether elements are in solid solution as such 
emical compounds. The author ’s paper, so far as he is aware, offers 
suggestion that carbon may possibly be combined under these cireum 
nto a molecule containing over one atom of carbon. It is not be 
t real proof of this concept is anywhere available. The work of 
as quoted by Honda (loc. cit.) would lead to the belief that solid 


s of the Fe-Fe,C systems are ‘‘dilute’’ only when they contain but 


ndredths of 1 per cent carbon. Any rectilinear relations are probably 


in any event. The extrapolated value of Si for zero carbon to which 


ives points, finds some support from the data of Becker. ‘‘ Equilibrium 


Temperatures in the TIron-Carbon-Silicon System. *’ The author 


necessarily endorse all of Becken *s views but the data point strongly 


insolubility of carbon in the presence of about 4 per cent silicon. 


e assume that the position of a solvent power for carbon is proof of 
sence of iron in the gamma phase, then the solubility of carbon at any 
ture for silicon contents greater than that at which the A, and A 
merge, is evidence in favor of a difference between the A, points ot 
systems. Here again we may refer to Becker for proof that carbon 


soluble at high temperatures in the presence of 4 per cent silicon. 


less the addition of carbon to the Fe-Si system increases the ordinate of 
rging of A, and A, rapidly, a point on which we have no evidence of 


id, we must postulate a difference in the locus of the A, surfaces of the 


; 
SLeTHnS 


iuthor has no wish to insist too strongly upon the locus of A, stable 









f the Iron and Steel Institute, 1925, No. II, Vol. CXITI, p. 249 
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with decreasing carbon and silicon (or other graphitization acc 
would seem, however, very surprising that all the work, with 
elements, should have been affected by a series of accidental e 
character as to affect the result so nearly equally. He would be 
fied if some one could show a reason, different from that sugg: 
results should agree so nearly. 

The fundamental observations are the effect of the graphiti 
on A, stable and metastable and upon the eutectoid carbon rati 
small concentrations these become nearly rectilinear. Is there a 


source of error affecting all three determinations systematically 


spective of the system chosen if ATs and ATwm are the changes i 


and metastable A, points for unit addition of the graphitizing eleme: 
be the concentration of that element reducing the eutectoid carb 
tration to O, X (AT;s-ATm) will necessarily be nearly constant? 
author’s argument is valueless. If not, it points either to a s 
cidence or else establishes at least a tentative conclusion as to tl 


in the hypoeutectoid stable system, 














HE DECOMPOSITION OF THE AUSTENITIC 
STRUCTURE IN STEELS—Part IV 


effect of Stress on the Decomposition of Austenite 





y 





RALPH L. DOoOwpbeELL AND Oscar E. HARDER 


Abstract 





This article reports a series of tests which was 

ule to determine the effect of stress on the stability o/ 
istenitic structures. An attempt has been made to dis 
nguish between the effect of compression and. tensil 
resses. The steels included im the investigation are 
same as those described in Part 1 of this paper. 

he expe riments have included tests on the effect of 
hending stresses during tempering, severe upsetting at 
vm temperature and during tempering, tensile stresses 
it room temperature and. at the temperature of carbon 

























livcide snow. It has not been possible to produce mar 
Pepsile by be nding stresses or by severe UWpse iting. T'yp 
al martensitic needles have been produced by tensile 
resses in ring specimens and by subjecting specimens 
which had been stressed in tension to the temperature 

carbon dioxide snow. Stresses have been found to 
make austenitic structures less stable both at low and 
it elevated temperatures. 





KPrECT OF STRESS ON THE 'TEMPERING CHANGES 


| | was believed that tensile stress would promote the decomposi 
on of austenite on tempering and that compressive stress 
uld retard it because when austenite decomposes into either 


troostite or martensite there must be an increase in volume. 










In order to test out this theory an apparatus was designed 
stress certain areas in tension and other areas in compression 
the same time, and to subject the specimen at various stresses 
the tempering treatments. 

Description of Stressing Apparatus—The stressing apparatus 


sts of a high earbon steel yoke which supports the test piece 








five other articles on The Decomposition of the Austenitic Structure in Steel 
1 manuscript submitted by Ralph Lewis Dowdell in partial fulfillment of th 
f the Graduate School of the University of Minnesota for the degree of Doctor 
©. E. Harder, in charge of research. These articles have appeared serially in 
nee January, 1927. Seven installments constitute this serit 
























per presented before the eighth annual convention of the Society, 
September 20 to 24, 1926. Of the authors, Dr. R. L. Dowdell is 
rofessor of metallography and Dr, O. Kk. Harder is professor of 
phy, University of Minnesota, Minneapolis. 
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at both ends as shown in Fig. 113. The stress is app! 
bar by screwing up the %<-inch bolt with a wrench. T 
dial of the apparatus is graduated in degrees. On the 

of the apparatus with an Ames dial it was found that it 
ing bolt is turned through an angle of one degree, the se: 
travel a distance of 0.000342-inch. 

With a transverse stressing of this kind, the side 
opposite the screw is in tension while the side of the bar iy 
with the screw is in compression. Boyd! gives the fo 
formula for the deflection of bars supported at. both 


loaded in the middle: 




















Load in pounds 
Length in inches between supports (2.75”) 
kK Modulus of elasticity (about 27,000,000 for austenite) 
Moment of inertia 











Deflection at the center in inches (0,175” ) 


\l Bending moment yy PI 
e ly the diameter in inches 
Ss Stress in extreme outer fibres in pounds per square inch 





Me Ple 


t| 


This last formula was used to calculate the outer fiber stres 
in the bars (0.35 inch diameter x 2.75 inches long between su 
ports) before the whole apparatus was placed into the tempe1 
oven. In this calculation ;4; of the stress as calculated from 
formula was deducted in order to compensate for the ci 
at the center of the yoke. Previously the apparatus had 












‘Text Book, Strength of Materials, page 162. McGraw-Hill C 
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soned in the oven at 392 degrees Fahr. (200 degrees Cent.). 


\pout the only change that could be noticed in the apparatus was 
. slight oxidation of the copper dial. 

lempering Under Stress—Table IX gives the calculated stress, 
empering temperature and time for steels Nos. 3, 6, 8 and 10. 
\licroscopie examination does not show any appreciable structural 








Table IX 
Data of Experiments on Tempering Under Stress 


Instrument 


Read 
Time at Temper in ing Calculated 
Quench Temp. days in stress on 
Temp. Minutes at °F, Degrees outer fiber Remarks 






























L1EO” C, LS 8 at 392 14 24,000 Released by hand; per 
(2102” F.) manent set 
1150” VU. 15 l at 392 ?0 835,000 As above. 
Bar cracked on. stressing 
(T. side). 
L150" ¢ LS 2 at 392 25 43,000 Released by hand; perm 
set 
Bar cracked on. stre ssing 
(T. side). 
LO40” ( »0 not tempered i0 124,000 Broke on stressing Not 
(1904° IF.) tempered, 
L040" C, 30 not tempered 50 838,000 Broke on stressing Not 
tempered 
L100" C, 30 fat 212 20 35,000 Released by wrench 20 de 
(2012° F.) grees. 


Bar showed no cracks. 

















quenched from carbon pack in oil at room temperature 





All of these 
steels show martensite on the outside after quenching (Figs. 115 


lifference between the tension and compression sides. 


nd 117). Nos. 8 and 10, however, were only partly martensitic. 
t, therefore, resulted in these tests that the martensite was tem 
ered to troostite. It now appears that the size of the test speci 
en Was not well chosen and better results may be expected with 
irger sections. 

\fter the flexure stress was first applied to the bars, they 
ere released and were found to have returned to their original 
wsition. However, these stress tests, on tempering showed that 
permanent set was obtained after tempering under stress below 
‘he limit of proportionality at a temperature under 392 degrees 
ahr, (200 degrees Cent.). 






rkoT OF MECHANICAL DEFORMATION ON THE DECOMPOSITION OF 
AUSTENITE AT Room TEMPERATURE 


following experiments were carried out in order to study 
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the effect of mechanical deformation on the decom: 





















austenite at room temperature. 
Austenite at this temperature is in a metastabl] 
and it is known that agitation, mechanical working. e 


serve aS a means of bringing about the transformation o| 


stable to a stable equilibrium. Two types of tests hav 





Fig. 118—Phoetograph of Stressing Apparatus 


cluded: one in which the specimens have been compressed by 
hammering and the other in which they have been placed in 
tension. 

Effect of Upsetting by Hammering—Table X shows the effec 
of cold deformation on the scleroscope hardness of several austen 
ites. Some of the specimens were hammered on an anvil with a 
hammer weighing about two pounds and others were upset wil! 
a steam hammer. 

Photomicrographs Figs. 119 and 120 show only the cus 
tomary slip lines having the characteristic angles within any on 
grain but otherwise they do not resemble martensite. llowevel 
it should not really be expected that these complicated compres 
sive stresses would aid in the reerystallization to the typical mal 
tensite but these stresses should nevertheless aid in recrysta 
tion, both at room and at elevated temperatures. As previousl) 


reported, a specimen of steel No. 3 after upsetting was tem 
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npressed by 


n placed in 


ws the effect 
reral austen 


invil with a 


upset with 


lv the cus 


e 


hin any one /18 


Llowever, 

sition of Austenite and Martensite on Tempering Und Steel No. 8 
ed compres nehing Treatment: 2102 Degrees Fahr., Oil Tempered Tw Davs at 392 Degrees Fah 
Bl cao t Outer Fiber Stress 43,000 Pounds Per Square Inch. Fig. 114—Center of Bar as 
typical mal nel Etched with Picric Acid. Austenite + Martensite + Carbide Mag. 1000x. 
tet ki 1] sat Ss tLdge of Bar as Quenched. Etched with Picric Acid. Martensite. Mag. 1000x 

recrystaiizd enter on Neutral Axis After Temper. Etched with Picric Acid Austenite 
: a aaa t Carbide. Mag. 1000x. Fig. 117—Outside Edge After Temper Same on Com 
S previous! sion as on Tension Side. Etched with Picrie Acid. Troostite. Mag. 1000x. Effect of 
: Stress on the Decomposition of Austenite at Room Temperaturs Complex Stresses 
Hammering. Fig. 118—Electrolytic Iron After Upsetting With Power Hamme 
1 with Picric Acid. Ferrite + Etching Pits. Mag. 1000x. Fig. 119--Manganes« 
After Upsetting With About No. 2 Hammer. Etched with Picric Acid. Austenit« 

Mag 1000x, 


as tempt red 
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at 374 degrees Fahr. (190 degrees Cent.) for 4 days 
found that it had tempered completely to troostite 
while an unstrained specimen of the same steel showed oxy ¢)) 
half of the austenite to have been decomposed in 4 days ay 9 
degrees Fahr. (200 degrees Cent.) (Fig. 81). 

Tensional Deformation of Ring Specimens—lt app 
in order to produce a typical martensite from austenite 
temperature it would be necessary to make a specimen in 


of a ring so that it could be expanded under mostly tensiona| 


Table X 
Effect of Cold Deformation by Hammering on the Scleroscope Hardness 9: 
Austenite 





Size in inches 
Steel before atter 


No. Hanimer hammering 

















Elec. steam 1,2 diam 3/4 diam 
Fe x 1/2 high L/S hig 
1 2 lb 3/8 diam. 16 high 

x 3/S high 
a 2 Ib 3/8 cube 8/16 high 
8 ” |b. 375 cube 3/16 high 
3 steam 8375 cube 1/4 high 


1/2 square 
4 2 lb 3/8 cube 16 high 











Microstructure showed slip lines only in all specimens, 






Four ring specimens were machined, two of steel No. 3 ani 



















two of steel No. 8. These rings had an inside diameter of 4‘, inc! 
a wall thickness of 4 inch and a width of 44 ineh. Ring No. ° 
of steel No. 3 however had a wall thickness of only ,', inch. 


Before quenching, these rings were taken one at a time and 
tightened between washers on °<-inch bolts through their centers 
They were then plastered with alundum cement to a thickness | 
about 14 inch so as to retard quenching and help eliminate ¢! 
martensite that would form on the edges of these small sections 
They were then heated for quenching under charcoal and ol 
quenched as shown in Table IIT and in the following discussio! 

The stressing of the rings was obtained by forcing a tapere 
arbor (taper of 0.01 inch per inch of length) into the rings. |) 
this operation the rings were placed against the end of a s! 
piece of pipe and the taper gradually forced in by tightenm 
the serew of a vise. 

Rings Nos. 1 and 2 of steel No. 3 were austenitic to the edge 
but they contained some carbide after the quenching. Ring \ 











DECOMPOSITION OF AUSTENITE 


| No. > and 
r of +‘, nel 


Ring No, ? 


inch, 


16 
a time and 
heir centers 
thickness 0! 
‘liminate th 
nall seetions 


oal and oil 


125 


Room ‘Temperatur: 


Y discussio! 


lw a tapered 
of Austenits it ti 
Mag LOOUXx Effect 
of Austenite Steel No. 8. Fig. 
After 30 Minutes at 2102 Degrees 


Square Inch the Specimen 


Decomposit ion 
of 


Stress on the 
No, 2 Hammer 


le rings. | 
{ f Mechanical 
Steel No. 1 After Upsetting with a 
at Room Tempe rature on the Decomposition 


1 After Quench. Mag. 1000x, Oil-Quenched 


Stressing to a Calculated Stress of 30,000 Pounds Pe 
122--Ring No. 2 After Stressing to Failure. — 2. 2 8.0 Mag. 1000x 


After 15 Minute it 2066 Degrees Fahri Steel No. 3 Figs, 123 and 124 
59.2 Mag. 1LO000x Kffect of Tensile Str it Room ‘Temperature 


mposition of Austenite After Stressing, Ring No. 2 was Held About 4 Hours 
w and Allowed to Come to Room Temperature Over Night Steel No, 8 Ring 


enched in Oil From 2282 Degrees Fahi After 30 Minutes; Tempered 8 Hours at 

ahr Stressed by Taper from 0.7000 Inch Outside Diameter to 0.7005 Inch 

All on Extreme Outside Edge. Fig. 125 After 320 Degrees Fahr, Temper 
Present Only at this Place Mag. 1000x 


aS. & 
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1 had such a coarse grain after its heat treatmnet {| 3' 
at 2100 degrees Fahr. or 1150 degrees Cent.| that it br 
ealeulated stress of only about 30,000 pounds per squ 
This value, of course, is only approximate because the 

have had some initial stress and in the ealeulation the 


of elasticity of the austenite is not definitely known. Ring 





Effect of Tensile Stress at Room Temperature on the Decomposition of Auster 
No. 8. Ring No. 4. Quenched in Oil from 2282 Degrees Fahr. After 30 Minute 
8 Hours at, 320 Degrees Fahr. Stressed by Taper from 0.7000 Inch Outside Diar 
Inch. Photomicrographs All on Extreme Outside Edge Fig. 126—After Str 
Showed Considerable Amount of White Needles Only on Outside Edge Mag, LOO 
After Stressing. Mag. 1000x. Fig. 128-——After Stressing. Mag. 1000x 


showed a much finer grain owing to its heat treatment {15 minutes 
at 2066 degrees Fahr. (1130 degrees Cent.) | but after stressing 
showed many slip lines and not the typical martensitic needles 
(Fig. 122). After several weeks at room temperature this rin 
(No. 2) was eooled in CO, snow (about —57 degrees Cent. 

four hours. On examination it was found that considerable 1 
erystallization had taken place and characteristic martensi! 


needles were developed (Figs. 123 and 124). The scleroscope hare 


ness after stressing was about 48 and the piece was practical 


rr? 


nonmagnetic while after the CO, treatment the hardness in 
vicinity of the break was about 59 and the piece was quite stron 
magnetic. During this experiment a piece of steel No. 5 of auste! 
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wture and also a piece of quenched steel No. LO mostly 

¢ but having many carbide needles, were cooled and it 

nd that the CO, immersion produced no change in their 
wture. This seemed to indicate that previous tensional 

oysinge aided in the reecrystallization to the typical martensite. 
In the quenching of rings 3 and 4 of steel No. 8, it was found 
was quite impossible to eliminate some of the martensitic 
ymation. After quenching, these rings were tempered about 
s hours at 320 degrees Kahr. (160 devrees Cent.) so as to decom 
ose the martensite, otherwise it would have been Ln posstble Lo 
lentify any new martensite formed. Kie. 125, however, shows 
everal white needles at the edge of the specimen after tempering 
the only ones on the section. lmmediately alter stressing 
here were quite a large number of the typical martensite needles 
roduced on the outer edge of the ring, some of which are shown 
Kies. 126 to 128. After retempering this rine at 3820 devrees 
Kahr 160 degrees Cent.) for about 8 hours all of these needles 


ere darkened and no further needles were produced. 





This test shows quite conclusively that martensite needles 
an be produced mechanically from some austenites by simply 


ipplying tensile stress. 


RESULTS AND CONCLUSIONS 


The experiments on the decomposition of austenite by mechan 
il stresses at various temperatures lead to the following con 

ISIONS : 
|. When austenitic-martensitic steels are tempered under 
insverse stress below their so-called yield point at tempera 
15 minutes res between 212 and 3892 degrees Kahr. (100 to 200 degrees Cent.), 
r stressing permanent set results. The bar is longer on the tension side 
bie needles lich indicates that tensional stress favors the change from the 
» this ri mma to alpha state. Microscopic examination, however, showed 


Cent LOr ditference in structure on the tension and compression sides, 


lerable 1 lt is believed that more extensive tests of this type on larger 


nartensit rs may furnish additional information regarding this mechanism. 


+) 


cope hara 2. It has not been possible to produce martensite by the 
practically plicated stresses set up in austenite when it is upset at room 
ess in tl temperature. Prominent slip lines have been produced, but they 
e stron uaracteristically different from martensite needles. 


of auste! Characteristic martensite has been produced from austen- 
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ite at room temperature by tensile stress. It is very 
that all martensite is formed by a similar process in t! 
hardening of tool steels but at a much more sudden an 
tensional stress. 

4. An austenitic specimen which had been previ 
formed in tension was caused to transform to martensite a 
—70 degrees Fahr. (—57 degrees Cent.) while unstresse 
mens were unchanged by this same treatment. 


5. An austenitic specimen which had been deformed })\ 


mering was found to decompose more readily on heating tha 
unstressed specimen. 

6. The general conclusion may be drawn that deformed 
tenite is rendered less stable on cooling or on heating. 





Educational Section 


These Articles Have Been Selected Primarily For Their Educational 
And Informational Character As Distinguished From 
Reports Of Investigations And Research 


rACTS AND PRINCIPLES CONCERNING STEEL AND 
HEAT TREATMENT—Part XII' 


H. B. KNOWLTON 


Abstract 


This article covers the composition, properties, uses 
and heat treatments of some of the common types o/ 
chromium-nickel steels. The low, medium and high 
chromium-nickel steels with carbon contents from 0.10- 
) 53 per cent are discussed. Nonee of the nickel-« hro- 


nium heat resisting alloys are also discussed. 


NICKEL-CHROMIUM STEELS 
AND 


NICKEL-CHROMIUM AND HEAT RESISTING ALLOYS 


\ the previous discussion of alloy steels, the effects of chromium 
and nickel were considered separately. It was stated that 
nickel forms an alloy with the ferrite (or iron) but not with the 
arbon. Thus it strengthens and toughens the ferrite and conse- 
juently strengthens and toughens the steel. Chromium, on the 
other hand, forms a double carbide with the iron and carbon in 
the steel. Thus the cementite of a chromium steel contains chro 
lium carbide as well as iron carbide. Due to the properties of 
this chromium earbide, the addition of chromium to steel in- 
‘reases the hardening power without a proportionate reduction 
n the toughness. Steels containing small amounts of chromium 
not only harder than the corresponding plain carbon steel 

uit they may be hardened with a slower speed of quenching. 
By the addition of both chromium and nickel a series of 


s the twefth installment of this series of articles by Hl. B Knowlton. The several 
ts which have already appeared in TRANSACTIONS are as follows: March, June and 
1925; January, April, May, June, August, October, December, 1926; March, 1927. 


author, H. B. Knowlton, member of the Fort Wayne Group of the 
S metallurgist of the Fort Wayne W orks, International Harvester 
‘ort Wayne, Ind. 
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steels may be produced which show the beneficial effec; 
of these alloying elements. For this reason there is on 
ket today a group of steels known as chromium-nic stee 
which are used in automotive construction and for ot! 
which must have increased strength, toughness and hapde 
power. The common types of chromium-nickel steel eo) 
most only a few per cent of the alloying elements. Cons 
they fall in the class of pearlitic steels according to (Guile 


| iC] 1 















scheme of classification. They are capable of being annealed. }); 
dened, tempered and heat treated much the same as th 
sponding plain carbon steels. It is true that the heat treat) 
temperatures and the method of quenching may be different. }y; 


(ory 


the principles are the same. 

The common types of chromium-nickel steels contain fro 
0.10-0.55 per cent carbon; 1.0-3.75 per cent nickel: and 0.45-1.7: 
per cent chromium. While other combinations may be 
these are the most common. The specifications of the Society 
Automotive Engineers describe four groups of chromium-nie 
steels. With a few exceptions these steels have the followin 
chemical composition. 


Chemical Composition of the S. A. E. Chromium-Nickel Steels 


3100 Series 






3°00 Series 3300 Series S400 Se 















Per Cent Per Cent Per Cent Per ( 
Manganese ..... 0.50-0.80 0.30-0.60 0.30-0.60 0.45-0.75 


Phosphorous .... 0.04 max. 0.04 max. 0.04 max. 0.04 n 
Sulphur’ ........ 0.045 max. 0.04 max. 0.04 max. 0.04 max 
ee 1.00-1.50 1.50-2.00 3.25-3.75 2.79-3.25 


Chromium 







0.45-0.75 0,90-1.25 


















The manganese content of S. A. E. 3115 and 3120 is specitied 
as 0.30-0.60 per cent.. This is in accord with the general practic 
of holding the manganese content of case hardening steels com 
paratively low, except in cases where the manganese is used as 
an alloying element. As stated before the carbon content of th 
above steels varies from 0.10-0.55 per cent depending upon thi 
purpose for which the steel is to be used. As a general rule th 
specifications allow a 0.10 per cent variation in the carbon con 
tent. Thus 3115 means a steel of the 3100 series with a carbo! 
content of 0.10-0.20 per cent, while 3135 is a similar steel wil 
0.30-0.40 per cent carbon. Some of the users of alloy steels |i 
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that it is advisable to specify the carbon content within 

cent variation for steels used for certain particular jobs. 

When such specifications are imposed the consumer necessarily 
navs a higher price for the steel. 

~The principal difference between the four classes of chro- 

mium-nickel steel is in the content of ehromium and of nickel. 

\s might be expected the effect of the alloying elements upon the 

properties of the steel increases as the content of the alloying 

nents increases. On the other hand the higher alloy steels are 

ve expensive in proportion to the amount of the alloying ele 

eat treat ments used. Also the higher alloy steels may be somewhat more 

ifferent. by lificult to forge and machine. Consequently the lower alloy 

steels are used wherever they will give satisfactory results. For 

een parts demanding exceptional strength and toughness the higher 


nd 0.45-1,7: lov steels must be resorted to. The ratio of chromium to nicke! 


be possibl s not exactly the same in the four steels described above. The 
> Society | nickel content is about 1.5-4.0 times that of the chromium. Some 
mium-nickel riters state that the nickel content should be about 2.5 times 
e followin that of the chromium. 
Among the early chromium-nickel steels were the Mayari 
steels. These were made from ores found at Mayari, Cuba, which 
Steels ontained both chromium and nickel. According to Camp and 
E00 Series fF francis, the steels made from these ores usually contain 1.0-1.5 
Per Cent per cent nickel and 0.20-0.70 per cent chromium. Making a steel 
rom an ore which contains both of the alloying elements has 
obvious advantages. It is, however, more difficult to produce a 
iniform product in this manner. It is generally conceded that 
better and more uniform steel may be made synthetically. 
ee The addition of nickel to steel lowers the critical point and 
= - " onsequently the hardening temperature, whereas the addition of 
” ge ‘hromium to steels will require higher quenching temperatures 
. ' than those employed for the corresponding plain carbon steels, 
S used as 
tent of th 


r upon th 


(ue to the greater difficulty of dissolving the chromium earbides. 
When chromium and nickel are both present in steel in the proper 
proportions, the quenching temperatures may be approximately 
the same as those employed for the corresponding plain carbon 
steels. In general the chromium-nickel steels will harden with a 
slower speed of cooling than the corresponding plain carbon steels. 
This means that frequently oil quenching may be substituted for 


al rule th 
arbon con 
h a earbor 


steel W] 


steels have 
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water quenching, also that there will be a deeper pen 
the hardening effect. 










PROPERTIES AND 





Uses oF CERTAIN CHROMIUM-NICKE! 






Case Hardening Steels—The low carbon chromitn-yj. 
steels are used primarily for case hardening although wit 
heat treatments they may also be used for some struct 
poses. These steels have a distinct advantage over the 
bon steels for case hardening since with their use case | 












parts can be produced which have greater strength and 
and greater surface hardness. With the use of chromiu 
ease hardening steels the trouble with soft spots which is s 
mon in ease hardening may be greatly reduced. Also why 
mium-nickel steels are used it is frequently possible to pro 
sufficient hardness by giving the final quench in oil. This 
less trouble with warping and distortion. 

S. A. E. 3115 and 3120 Steels—The S. A. FE. 3115 and 





4. WO 
steels are the low chromium-nickel steels with the proper carl 
content for case hardening. They are probably used more 
quently for this purpose than are the higher alloy steels 






S. A. E. 3115 steel is recommended for most case hardened 
because the low carbon content (0.10-0.20 per cent 





aSSUTES 





tough core for two reasons: first because the lower the carb 





content the less will be the hardening power; second, bheca 
the greater the difference between the carbon content of the 
and the case the greater will be the difference betwee 
eritical points. When there is considerable difference betwee 
eritical points of the core and the case, it is possible to give | 
final quench from a temperature which is high enough to harde 
the case without producing much hardening effect upon the 
When the critical points of the core and the case are close | 
gether, a quench which is high enough for the ease will have 
siderable effect upon the core. If the operation is not carefull 
performed and the temperature of the quench is a little lig! 
than necessary, the core may become somewhat hard and 
all the way through. For these reasons it is customary to 
the carbon content below 0.20 per cent for most parts. S. A. 
3120 steel is recommended only for massive parts and then 
eaution is given to perform the heat treatment with grea‘ 

to avoid producing brittleness of the core. The reason for usine 
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| ntly higher carbon content (0.15-0.25 per cent) for large 
ssive parts is that such parts naturally cool more slowly than 

syjall ones. Consequently the shghtly higher carbon content 


vwodueces about the same physical properties in the core as are 





nroduced by the lower carbon content with the faster quench 
eived by small pieces. 


SA. BF. 38215 and 3220 Steels—These steels are similar to 










o S. A. E. 3115 and 3120 steels except that the content of the 

kel and chromium are higher. They are sometimes described 

~« medium chromium-nickel steels. The Society of Automotive 
Engineers recommends their use particularly for parts having 
eeetions more than 1.5 inches thick. In general, it may be said 
that they should be used for case hardened parts requiring greater 
¢reneth and toughness than can be produced by the use of S. 
\ £, 3115 and 3120 steels. As mentioned in the case of the 
chromium-nickel steels, the 0.15 per cent carbon steel is ree 


mended for most purposes. 








S A. BE. 33812 and 3415 Steels—These are high chromium 
nickel case hardening steels. They are recommended only for 


rts requiring exceptional strength and toughness. 


MepIUM CARBON CHROMIUM-NICKEL STEELS 














S. A. EB. 3125, 3130, 3135, and 3140 Steels—These are low 






hromium-nickel steels of medium carbon content which are much 
ised for parts requiring strength and toughness. <A great many 


{ the forgings used in automotive construction are made from 





these steels. These grades of steel may also be purchased in the 









form of bar stock for machining into parts which are sufficiently 
iniform in shape that they do not require forging. ‘The lower 
arbon grades are used for parts which primarily require great 
toughness, while the 8S. A. E. 3135 and 3140 are used for those 
parts which require greater strength. Among the parts made 
‘rom these steels, may be mentioned, axles, steering knuckles, 
nnecting rods, bolts, ete. A heat treatment is necessary in order 









to bring out the best properties. Bar stock if properly finished 
0 the mill may not need normalizing but all forgings should be 
normalized to break down the coarse forge structure before pro- 
eeding with other heat treatments. The heat treatment consists 
n heating to above the upper critical point followed by quenching 
ther in water or oil and then tempering until the required 
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physical properties are produced. The S. A. E. 3125 
steels are usually quenched in water while the high 
chromium-nickel steels are usually oil-quenched. 

For definite information concerning the physical 
which may be produced by various heat treatments a 
these steels and to the other chromium-nickel steels, the reade, 
referred to the American Society for Steel Treating H\np) 
and the data sheets put out by the International Nickel Com 


i i 
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Fig. 1—Physical Properties Chart of a Nickel 
Chromium §8. A. E. 2130 Steel. Quenched in 
Water and Tempered. 













and the Society of Automotive Engineers. Two charts are give 
herein showing the physical properties of S. A. E. 3130 steel after 
water quenching and §. A. E. 3145 steel after oil quenching [0 
lowed in each case by tempering to different temperatures. 1!) 
physical properties produced by similar treatments applied to 5 
A. E. 3135 and 3140 steels will fall in between those given on the 
two charts. In general the higher the carbon content and 

faster the quench, the higher the tensile strength, elastic lim! 
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| point) and the hardness number will be, and the lower 

the elongation and the reduction of area. 

vill be noted from these charts that these steels have con 
hardening power. Consequently they may be used for 


equiring a moderate resistance to wear. lor parts requir 
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Quenched in Onl 
and Tempered 


y extreme hardness or resistance to wear it is necessary to use 
a high earbon steel or resort to case hardening a lower 
steel. The corresponding chromium-nickel steels with a 
higher content of chromium and nickel also have increased hard 

ts are give ness under the same treatments. 
O steel after Whether these steels can be machined after heat 


treating 
enching fol 


lepends upon the tempering temperature. If high tensile strength 
tures. ‘Th 


s required and a low tempering temperature is employed, it may 


¢ impracticable to machine after heat treating. In such cases 
riven on thie th 


pplied to » 


e article must be finish machined, with the exception of grinding 


and the erations, before heat treating. On the other hand there are 
elastic limit 


ant 


parts which are given high tempering treatments in order 
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to produce the required toughness which are soft eno 
heat treating to be machined. It should be mentioned th: 
ability does not depend upon the hardness alone be 
structure and the grain size play an important part 
quently happens that a heat treated piece machines yy), 
than an untreated forging of the same hardness. 

S. A. E. 3145 and 3150 Steels—These steels are yo; 
tioned in the present Society of Automotive Engineers’ 
book, but these numbers are applicable because the steels hay 
composition of the 3100 series and their average carbon 
are 0.49 and 0.50 per cent respectively. These 
greater hardening power than those of the 3100 


steel 
seri en 
lower carbon contents. S. A. E. 3145 is recommended by W 
enden for large drive shafts and 8. A. E. 3150 for oi] harden 
gears, the former because the effect of the heat treatment 
penetrate deeper into the shaft and the latter because a vea 

be produced having a high hardness combined with great streno: 
and toughness. 

The heat treatments in the main are the same as for the ot} 
steels of this series making allowance for the difference 
eritical points. A normalizing treatment is recommended. 
difficulty in machining is experienced. it is recommended {| 
the normalizing be followed by reheating to 1250-1350 decrees 
Fahr. and after due soaking at this temperature be allowed { 


cool in the furnace. This treatment may be deseribed as tempe 
ing rather than annealing. Its object is to produce a fine spli 
oidized structure. The final quenching and tempering treatment 
are performed after machining. 


S. A. E. 3200 Series Steels There is a complete series | 
steels with 0.90-1.25 per cent chromium and 1.50-2.00 per 
nickel with carbon contents up to 0.50 per cent which is known 
the S. A. E. 3200 series. These Steels are also known as mediu 
chromium-nickel steels. The properties and uses are much 
same as the corresponding steels of the S. A. E. 3100 series. 
might be expected from the higher content of the alloyin 
ments these steels have greater strength under the same treatm 
than do the lower chromium-nicke] steels. On the other ha 
they are more expensive, Besides being used for automotive par 
the medium carbon steels of this series are used for drop forgi 
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s. Such die blocks are usually quenched all over in 

the tempering temperature is high enough, it may be pos 

machine the die after heat treating. As was mentioned 

case of the low chromium-nickel steels, the lower carbon 

ire usually used for the parts requiring the maximum tough 

hile the highest carbon steels in the series are used for such 

as oil-hardened gears which have considerable hardness as 

strength and toughness. In the main, these steels are 

lar to the S. A. EK. 3100 series except that their properties 

somewhat superior. On the other hand they do not usually 

chine as readily as the lower alloy steels. When the earbon 

ontent is 0.40 per cent or more it may be necessary to spheroidize 

fter normalizing in order to produce a machinable structure 
This treatment has already heen deseribed. 

S. A. BE. 8300 and 3400 Serves Steels-—These steels may be 

sified as the high chromium-nickel steels. They are usually) 


mployed only for parts requiring exceptional physical proper 


ties or very deep penetration of hardness. The general classes 


ise are the same as those already described. Wickenden ree 
mmends the S. A. EK. 3400 series as being easier to produce, forge 
nd machine than the S. A. EK. 3300 and 3200 series. 
With these high chromium-nickel steels it is possible to pro 
luce higher values for physical properties than can be produced 
th the use of most of the other alloy steels. Kor example the 
lnternational Nickel Company gives the following values for the 
hysieal properties of S. A. E. 3450 steel after oil quenching from 
hove the upper critical point and tempering at 400 degrees Fahr. : 
Tensile Strength 274500 Lbs. per sq. In. average 
KMlastie Limit 252500 Ibs. per sq. in, average 
Klongation 10.5 per cent average 


Reduetion of Aren 38.8 per cent average 
Brinell Hardness 500 


This particular steel is recommended especially for gears 
ch must withstand heavy tooth pressures on account of the 


reat hardness and strength which can be produced without sac 


ice Of the necessary toughness. Some authorities prefer the 
' a steel such as S. A. E. 2512 for such gears. When that 


of steel is used, the gears must, obviously, be ease hardened. 


question of the relative merits of case hardening versus heat 


¢ of a high alloy medium carbon steel may be discussed later. 








TRANSACTIONS OF THE 





a. & @. %. 





Hieu 


NICKEL-CHROMIUM ALLOYS 





Before leaving the subject of nickel-chromium allo: 
be well to mention some of the high chromium-nickel al] 
are used on account of their resistance to heat, oxidatio; 


rosion. These vary quite widely in composition for n 






mium steels containing about 20 per cent or less of thi 


elements, up to alloys which are composed almost 
nickel and chromium with little or no iron or other elem 





ent. The latter, of course, eannot be elassified as steel 
do not have iron as their base. 











These alloys are of particular interest to steel treater 
enter into the equipment of the modern heat treating 
Among the uses of these alloys may be mentioned :—ear 
pots and boxes, pyrometer protecting tubes, hearth plate 
rails, and other furnace parts subjected to high temperat 
electrical resistors or heating elements for eleetric Furnace 
thermocouple wires. The use of these alloys as electrical heat 


elements is not confined to the heat treating room. They | 







found in many types of electrical heating apparatus. 

The ability of the nickel-chromium alloys to withstan 
combined action of heat and air does not seem remarkable 
it is considered that both nickel and chromium as pure met 


are quite resistant to such actions and the addition of eithe 












of them to steel improves its properties in that respect. |’ 
nickel crucibles, combustion tubes and boats, have long bee: 
in thé chemical laboratory to withstand temperatures up to 1s 
degrees Fahr. in the presence of oxygen. The use of nickel p! 
to withstand the action of weather is well known. In a recent ‘ 
eussion the use of chromium plate was also mentioned 

The uses mentioned for the nickel-chromium alloys depe 
upon the wonderful ability of these alloys to withstand long « 
posures to air and furnace gases at temperatures up to 1800-200! 
degrees Fahr. without oxidation, scaling, or other harmful effect 


It should also be mentioned that some of these alloys are report 






as being more or less resistant to the action of some of the commo! 
acids and other chemicals. 

The accompanying table shows the composition and 
the properties of a number of the commercial nickel-chrom 


alloys. The wide variation in composition will be readily no! 
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said that the price varies with the amount of the all, 
ments contained as both nickel and chromium are more 


than steel. 


considerably with the composition. 


On the other hand the resistance properth 


The GOst to the econ 
viously depends upon the initial cost and the life. It is j 


to give any general conclusion as to which is the best 


as the life depends upon the use to which the alloys ar 


Both castings and forgings are made from the nickel- 


alloys. 


are is quite possible although it may be more difficult 
welding of iron, steel and some other metals. 


The use of nickel-chromium alloys for carburizing 


boxes is quite common. 


While the 


initial cost of sue 


} 


much higher than that of cast iron or steel boxes, the 


of alloy boxes often makes them cheaper per hour of ser 
the carburizing temperature. 


pots will guarantee a life of more than 2000 hours at 


ture of 1700 degrees Kahr. 


ported. 


a 


A much longer life is freq 


Welding by means of the oxyacetylene toreh or thi 


Some of the manufacturers « 


om 


lono 


le | 
( ) 


uous carburizing furnaces in which the pots are allowed to 
slowly in the furnace, the life of the alloy pots is very 
The revolving retorts of the gas carburizing furnaces ar 


made of nickel-chromium alloys. 


These retorts must 


h 


1tOnY 


ave 


siderable strength at high temperatures as well as resistanc: 


heat and oxidation. 


The writer has seen service records on 


of these retorts which show a life of more than 7000 hours 


It has also been said that in some of the modern cont 


the other hand, some retorts have gone out of service comparativ 


early on account of casting defects. 


The resistance to heat and oxidation is not the only ad\ 


tage of the alloy carburizing pots. 











yy 


? 


When properly designed suc! 


pots or boxes will withstand repeated heating to the carbur 


temperature without warping, 
any appreciable change of shape. 
for the boxes and lids to fit tightly during their entire life. 


eracking, 


erowing or 


Kor this reason it 


undergo 


~ 


POSSID 


is a decided advantage as it makes for better carburizing. 
as the pots do not change in shape, the mechanical handlu 


much simplified. 


The electric furnace builders have reported that heating 


1 S 
Alsi 
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resistant alloys have been in service for several years 


being replaced. The use of these heat resisting alloys 


. heating elements is not limited to the large electric furnaces. 
Gnaller wires of the same type of material are used for many 


heating appliances. 
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HIGH SPEED STEELS 


(Continued Jrom Paae 7 )) 












work which Bain and I did on high speed steel, for example, we 
y one carbide, or only one other crystalline material, with the X-ray 


heating to 1110 degrees Kahr. (600 degrees Cent), and that was de 





s Bain said, a material which, when isolated by chemical solution, 
















. high percentage of carbon. So IL think it is safe to say, that there 
many of these compounds present in high speed steel at the higher 
itures, and that the main compound which aecounts for the greater 


the high temperature hardness, is a complex carbide containing 
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Reviews of Recent Patents 


By NELSON LITTELL, Patent Attorney 
475 Fifth Ave., New York City—Member of A.S. S. T. 





1,621,523, Titanium Alloy, Alvah W. Clement, of East Cleveland Ohi: 
Assignor, by Mesne Assignments, to Ludlum Steel Co., of Watervliet, Noy 
York, a Corporation of New Jersey. 














This patent describes an alloy particularly adapted for 
action of corroding gases at high temperatures and, therefore, 
making up dies for die castings, carburizing, annealing boxes, 
purposes. The effective alloy of this type consists of 10 per ce: 
§ per cent titanium, 10 per cent aluminum, and the balance iro: 


sibly some silicon in amounts of less than 1 per cent. 


1,621,886, Alloy Steel, William Herbert Keen, of Albany, New York 
The alloy described in this patent is an improvement ir 

steels, designed to improve the cutting qualities and durabilit 

speed steel tools by increasing both the earbon and vanadium « 

vond the proportions usually considered feasible in steels of this « 

The new steel may contain 


Per Cent 



















Carbon 0.75 to 1.20 
Vanadium ] to 5 
Tungsten 15 tol9 


Chromium 2,50to 5 


Cobalt 0 to 3 








This tool is forgeable and air-hardening and ean still retain its « 


when working at red heat. 


1,622,078, Composition for Treating Metal Baths and Method of Mak 
ing the Same, Frederick M. Becket, of Douglaston, New York, Assignor 
to Electro Metallurgical Company, of New York, N. Y., a Corporation 0! 
West Virginia. 

This patent describes a composition for use in making additions of 
alloying element to a molten bath or in removing deleterious ing 
contained therein. The composition is designed to overcome loss 
to oxidization when attempts are made to introduce an alloying 01 


ing material of a low density into the metal bath. This improven 


brought about by adding and by combining lead with the mate: 
added to the bath and introducing the compounded lead and addition ag 
in the form of briquets or the like. The additional weight of t! 
causes the briquets to sink rapidly into the bath without any mater 
face oxidization and in the case of scavengers the compounding 
lead moderates the intensity of the scavenging action. The acti 


lead also promotes fluidity in the slag. 
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2621, Electric Furnace, James C. Woodson, of East Pittsburgh, 
Pennsylvania, Assignor to Westinghouse Electric & Manufacturing Co., 
_ Corporation of Pennsylvania. 

patent shows an electric furnace with removable resistor grids 
d on hanger blocks 22 of insulating material provided at the rear 


reof with lugs adapted to extend into the slotted openings in the 







nel members 15 supported in the walls of the furnace and to permit 

ver blocks to be turned slightly to lock the hanger blocks by means 
| lugs in said openings or to permit removal of the hanger blocks. The 
vs are to be opposite the slotted portions of the openings and drawn out 


| permitting the grids to be removed, 


1,623,948, Nickel Alloy, Truman S. Fuller of Schenectady, New York, 
Assignor to General Electric Company, a Corporation of New York. 
This patent deseribes an improvement in nickel-copper alloys designed 
icrease the tensile strength and elastic property of the alloy. The patent 

: that alloys such as Monel metal comprising two-third parts of nickel, 
one-third parts of copper are desirable for their corrosion resistant 
roperties but have only a moderate use because of the low tensile strength 
| the elastic limit. The tensile strength and elastic limit may be raised 
terially by the addition of aluminum and carbon to the nickel-coppe 
\n alloy containing 60 to 75 parts of nickel, 25 to 40 parts of copper, 

out 2.5 parts of aluminum and 0.16 to 0.17 parts of copper when forged 
1830 degrees Fahr. and suitably heat treated has a tensile strength 
ving from about 123,000 to 144,000 pounds per square inch and an 
astic limit of about 85,000 to 103,000 pounds per square inch, and a 


of area at breaking varving from 51 to 58 per cent. 


i,624,075, Steel of High-Temperature Stability, William Robert Shimer, 
of Bethlehem, Pennsylvania, Assignor to Bethlehem Steel Company. 


rhe objeet of this invention is to improve the physical properties ot 
high temperatures particularly to provide for the addition to the 
in agent which preserves at high temperatures the physical char 
f a steel having high tensile properties at normal temperatures, 


tity 
title 


n of chromium to steel to increase its tensile strength in the 


state is well-known. Chromium steels, however, cannot be sul 
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mitted to high temperatures without losing their high tensile str 
inventor has discovered that a small addition of tungsten in 
with chromium modifies the strength at high temperatures on 





























mitting it to retain its high tensile strength at the higher tem): 
preferred composition for the new alloy is 0.43 per cent chrom 


eent tungsten, 0.64 per cent manganese, 0.33 per cent carbo 


balance iron. The addition of tungsten up to 2 per cent in the dort 
carbon steels containing no chromium also renders the steel mo: corp 
high temperatures. 

1,624,217, Electric Furnace, Frank T. Cope of Salem, Ohio, Aggjoyo) 
to the Electric Furnace Company, of Salem, Ohio, a Corporation of op; 

This patent describes an electrical furnace of the type in 
resistors or grids are mounted in the roof and floor of the fun 
major improvement comprises producing the resistors, as casting 
cient rigidity and mechanical strength at high temperatures to r 
tion so as to make it possible to eliminate the insulating separat: 
used to space the resistors of drawn or rolled wire or ribbon. Thi 
show a plan view of a floor grid having the sinuous units 24 conn 
angular strands 25 and end strands 26, and having the usual tern 
This grid is preferably cast of heat resisting alloy metal and n 
any structural cross-sectional shape. 

Phi 


1,612,765, Furnace, Frank M. Lee, Chicago, Illinois, Assignor to Sulliva: 
Machinery Company. 

This patent covers a heating furnace consisting of an elongated 
bustion chamber having a horizontal plane bottom and an enlarged port 
for initially receiving the combustible mixture and an aligned elongated 


municating restricted heating portion. A narrow elongated passage conne | 
with the restricted portion of the combustion chamber throughout tlie leng! 


of the latter and through which the burned mixture from the chamber pass 
A burner discharges longitudinally of the chamber, the plane bott 
restricted portion graduating the heat to a maximum temperat 

end of the chamber remote from the burner discharge. 


1,610,809, Electric Furnace, Delbert F. Newman, Schenectady, New 
York, Assignor to General Electric Company, New York. 
The furnace charge is supported within a container in which an atmos} 





10, Assiono: 
lon of Ohi 


or to Sullivar 
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larged port 
slongated 
ssare 
out the lengt 


: 
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mectady, Nev 
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vas is maintained. A portion of the charge can be withdrawn 
{ inderside of the closure, which is provided for the container, and 
rtion inserted without exposing the remaining portion of the charge 


eontainer to the effects of air. 












| 624,668, Apparatus for Heat-Treating Metals, Frederic 8. Kochen 
dorfer, of River Forest, Illinois, Assignor to Western Electric Company, In- 
corporated of New York, N. Y., a Corporation of New York. 


patent describes a heat treating apparatus for heating and cooling 


I 







| in a continuous manner within’ closely regulated temperature 
The apparatus shows means for feeding metallic strands without 
the strands to any substantial tension and also shows means fo! 


a non-oxidizing and non-reducing gas into the chambers and 



























measuring the electrical characteristics of the strand continuous with 
treatment thereof. The drawings comprise 13 figures showing a means 
continuously passing the strands of metal through the treating ap 

s which consists essentially of supply reels from which strands of 
tal are unwound and fed forward by eaterpillar feeding mechanism such 

strated in the accompanying figure through a series of heating fu 
es and of heating and cooling tubes to a second caterpillar feeding 


ce and thence on to the storage reels. 





1,617,859, Method of Annealing Copper Articles, Sterner St. P. Meek, of 
Philadelphia, Pennsylvania. 

This patent describes a method of annealing copper articles, which com 
rises packing the articles in powdered metallic copper or copper dust, heat 


no + 


g to the desired temperature, excluding atmosphere and then cooling. 





oe 


1,612,571, Smelting Furnace, Henry L. Charles, Kent, Washington. 
In this smelting furnace, the hearth is provided with a convexly shaped 
utegral bank extending along each side and end wall and terminating ad 


went to the roof. An integral mound extends longitudinally between the 








inks at the side walls, one end of the mound being contiguous with the bank 
é firing end, and the other end semiconical in form and spaced away from 


the bank at the flue end. 


1,612,690, Oul-Gas Apparatus, Jean Zwicky, Farnham, Royal, England. 


| 


‘his patent covers a partial-combustion oil-gas-producing apparatus com 
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prising a liquid fuel jet having an air passage surrounding { 
chamber for the liquid fuel surrounding the air passage and con 
jet. An annular air conduit encircles the fuel chamber and le: 


passage. 





1,619,462, Manufacture of Alloy Steel and Iron, Byramji D. Saklatwaj), 
of Crafton, Pa. 

This patent describes the method of making alloy steel 
lueing additional carbon in the metal of the bath when ¢ 
material is added. In the usual practice it is customary to ad 
ing material as a reduced metallic element in the form of 
which usually contains a considerable amount of carbon, un 
high grade alloy is used, which carbon when added to the bat 
the 
patent describes a process of adding the alloying material wit! 


~ 


carbon content of the bath beyond the point desired. 


ing the carbon content which comprises maintaining a bath of st 

a metal layer and a slag layer and incorporating successive charges 
reducing agent into the metal layer the oxidation product 
renders the slag more fluid and incorporating into the slag layer s 
charges of an unreduced compound of the alloying metal and mainta 
the bath at a temperature to cause a reaction which will direct 


the alloying metal into the bath. 





1,621,472, Mold for Casting Metals, William H. Smith of Detroit 
Michigan, assignor to Ford Motor Company of Highland Park, Michigan 
a Corporation of Delaware. 


This patent describes a metal mold of the ‘* permanent typ 


casting of iron and other materials threin. The metal of the mold s 
have less than 1 per cent of foreign substances therein. A suitab 


position is ‘‘armeo’’ iron, 
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AIR HEATERS 
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AND 
Air 


AIR ADMISSION. 
d Gas and Admission for Air 
(Kombinerte Gas-und  Lufteinfiih 
g Winderhitzer), J. Stoecker. Stahl 
Eisen, vol. 47, no. 12, Mar. 24, 1927, 
493-494, 3 figs. Describes system of 
ined gas and air admission, advantages 
which are low initial cost, safety against 
xplosion; good mixture of gas and air, takes 
ttle space, and is vay durable; system 
successfully for number of 
heaters for three blast furnaces 
Verein, Bochum, Germany. 
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Bochumer 







ALLOY Ta Ss 
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Making Locomotives 
Newm 1an and C, F. Pascoe. 
Age, vol. 119, no. 10, Mar. 10, 1927 
704, 10 figs. Canadian railroad 
tter quality and service from vana- 
nickel cast-steel frames; manu- 
structure and heat treatment. 
lITANIUM, DETERMINATION IN. De 
of Small Quantities of Titanium 
Alloyed Steels (Die Bestimmung 
Mengen Titan in  hochlegierten 
8 n), K. Roesch and W. Werz. Chemiker- 
tung, 51, no. 16, Feb. 26, 1927, 
l Points out that for determina- 
1all quantities of titanium, titra- 
t method; separation of titanium 
effected according to Rothe 
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FRICTION. Methods of Meas- 







the Internal Friction of Bis- 
\lloys and the alloy Cu;Sn 
" liber die Messmethode und _ tiber 





Reibung der Bi-Sn-Legierungen 
Legierung CusgSn), F. Sauerwald and 








Tby Zeit. fiir anorganische u. allge- 
ne Chemie, vol, 157, no, 1-8, Oct. 26, 
“); PP. 117-187, 7 figs. Internal friction 





ned by viscosity measurements; de- 
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scribes 


improved apparatus in which fused 
metal 


is drawn through capillary, time for 
definite volume to pass at given temperature 
being noted. See brief translated abstract 
in Brass World, vol. 28, no. 3, Mar., 1927 
p. 89. 


ALUMINUM 
DISCOVERY. 
num, M. Tosterud 
Electrochem. Soc. 
80, 1927, no. 10 


The ‘Discovery’? of Alumi 
and J. D. Edwards. Am 
Advance Papers, April 28 
, 4 pp. Oe6cersted’s classic 
experiments are described; 2 years later 
Wohler modified Oersted’s experiment, using 
potassium metal in place of potassium amal 
gam to reduce AICI,; recently Fogh verified 
Oersted’s results; dilute potassium amalgam 
works best; Tosterud and Edwards again 
repeated experiments of Oersted and found 
no difficulty in obtaining aluminum metal 
analyzing 99 per cent Al. 
ELECTRIC WIRING. 
Aluminum Overhead-Line Wires (Ueber die 
Haltbarkeit von Freileitungsdriihten aus Alu 
minium), O. Hihnel. Elektrizititswirtschaft, 
vol. 26, no. 428, Mar. 1, 1927, pp. 101 
103. Experience of German Post Office au 
thorities with aluminum wire for overhead 
lines; in order to possess required mechan 
ical strength, aluminum must be alloyed with 
small admixtures of other metals, although 
these admixtures deprive aluminum of a 
great deal of its resistivity against effect 
of atmosphere; aluminum wire experiment 
ally used by German Post Office did not 
prove satisfactory ; hard copper wire is much 
more durable. 
FINISHING 
for Aluminum 


The Durability of 


PROCESS. Finishing Process 

and Its Alloys (Sur un 
nouveau procédé d’ornementation de Il’a 
luminium et de ses alliages), L. Guillet. 
Académie des Sciences—Comptes Rendus, vol. 
184, no. 8, Jan. 17, 1927, pp. 134-136. 
Pacz has shown that if aluminum or alloy 
rich in aluminum is tempered in solution 
of sodium fluosilicate, nickel sulphate and 
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Practice, R. J. Anderson \ 
ket, vol. 34, no. 53, M 
5-6, 4 figs. Discusses ca 
general use of scrap alumin 
alloys in foundry, and _ st 
as regards use of secondar 
aluminum alloys; use of 
castings production. 
WROUGHT. Wrought | 
Rosenhain. Metallurgist : 
neer), Mar. 25, 1927, pp. 39 
view of present position i: 
alloys available for struct 
rolled and forged condition 
as to whether duralumin 
able structural light alk 
alloys which makes it elk 
useful and meritorious dural 
it has by no means attained 
can be anticipated from al 


AUTOGENOUS WELDING 


LABORATORY RESEARCH 
Laboratory in Autogenous W 
du laboratoire en soudure 
Roux. Technique Modern 
Feb. 15, 1927, pp. 105-110, 18 
out that physical and chen 
which accompany operation 
extremely complex ; describs 
which is well designed and 
pecially for work of reseat 
chemical and _ physico-chen \ 
examination; mechanical 
bending and impact test 

REPAIR WORK, Aut I \ 
Methods for Repair Work, ©. C. | 
Nat. Engr., vol. 81, no. 4, A 1927 
169-170, 5 figs. Points t that 
is not applicable in all 
material to be welded 


BEARING METALS 
PRODUCTION AND REFINING 


Production and Refining of White B 
Metals. Engineering, vol 12 

Mar. 11, 1927, pp. 282-284 > fig 
fluence of copper in low-tin bearing 


in bearing metals high in tin, 
sidered impurity which may 
comparatively small amounts 

pot plant for cleaning and alloying 
bearing metals; suitable scrap t 
copper is removed from scraj 
refining. 


BERYLLIUM 
PROPERTIES. The Light Met 

cinium (Le Glucinium, métal léger 

ture (Paris), no. 2757, Mar. 15, 1 

251, 1 fig. Metal has crystalline 

it is hard, of steel-gay color and 

of high polish; it is resistant t 

pheric agents and to hot water, co 

itself with protective film; it is on g 

soluble in alkaline and acids lensit 
1.84: melting point in neigh 

1380 deg.; Brinell hardness, | 


BLAST FURNACES 

LEAD. The Treatment f I 
E. R. Thews. Metal Indust: | 
29, nos. 15 and 20, Oct. 5, and 
12, 1926, pp. 383-885 and 457-458. 
ation of lead blast furnace. 

OXIDATION PHENOMENA M 
From Wide Hearths. Iron Age, \ 

















4, 1927, pp 856-857. In 
lation phenomena on blast fur 
reactions before tuyeres; po 
nents indicatel. 

Av NS Some Blast Furnace Rea 
, i G. Tobin. Blast Furnace 4 
vol 15, no. 8, Mar., 1927, 

“Solution loss’”” and air vol 

d: by equations basis for ga 
rendered apparent; detailed 
' termining air volumes is given 
SINTERING PLANTS Sinter for Blast 
, Rurdens, E. J. Tournier. Iron Ag 
11, Mar. 17, 1927, pp. 775 
Improvements in treating fer 
by Greenawalt intermittent 

gas ignition 


BROILER PLATE 
eMBRITTLEMENT The Embrittlement 
Boil Plate, F. G. Straub. Forging 
C ng-Heat Treating, vol. 18, no. 3, Mar 
89-95, 10 figs. Reasons for forma 
s are clearly outlined; micro 
lies aid in determining characte: 
causes and prevention of em 





BOILERMAKING 


ROILER-DRUM PRODUCTION. Produc 
f Boiler Drums for High-Pressure 
D Herstellung von Kesseltrommeln 
lochdruckdampfkessel), LB. Schapira 
\ Kiilte-Technik, vol 28, no 24 
1, 1926, pp. 287-289, 4 figs. Describe 
lding drums with water ga 
i at August Thyssen Works; seam 
ng of drums at works of F. Krupp, 
Reisholz rolling mills at Dtisseldorf 
BOILER-DRUM PRODUCTION The Man 
Hizh-Pressure Boiler Drums. En 
148, no. 8712, Mar. 4, 1927, 
16-248, 11. figs. As alternative to 
firm of Thyssen & Co. has developed 
f making seamless drums by weld 
is claimed, produces equivalent 
ibout two-thirds the expense; di 
f process of manufacture and testing 
| by this firm in production of 

ery high pressures 


wit 


BOLTS 


ASE-HARDENING. The Development of 
ft Spots in Case-Hardened Bolts (Ueber 
tehung von weichen Stellen an Bolzen, 
Einsatz gehiirtet sind), H. Graefe 
stattstechnik, vol. 21, no. 4, Feb. 15, 
a 89-90, 3 figs. By means of 
f investigations of structure, it 


it soft spots are due to effect 
ng in polishing; results of tests 
i n experimental station of Siemen 
~ ; 4 Y 
BRASS 
ELECTRIC MELTING. ‘Twenty-Five Yea 
Nonferrous Electrothermics; Fifteen Years 
jrass Melting, H. W. Gillett 
I trochem Soc. Advance Papers, 


8 1927, no. 24, 20 pp. Electr 
finds some application in anneal 
ng and heat treatment of nonferrous alloys, 
ef application is in melting; 
f electrically melted metal is 
in brass industry than in 
electric brass melting is now 
i tandardized upon 3 specific types 


ENGINEERING 


etration of 


brass articles by interery talline 
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TIN AND SOLDER PENETRATION Pen 

f Brass by Tin and Solder, H. J 

Miller Bra World, vol 23, no. 8, Mar 
1927, pp. 73-75, 1 fig Cracking of stressed 


penetration 


of molten solder; experiments indicate high 
stresses required for penetration 
BRONZES 

FOUNDING, Bronze Founding, J Dew 
rance Engineer, vol 143, n 3718, Mat 
Al, 1927, pp 274-276, 0 figs Bronz 
when cooling from fluid tate cervstallize 


ize of crystals depending on time 
in process; period of crystalli 
erned by temperature of metal 


occupl al 
ition 18 go\ 
poured int 


mold, mass or thickne of casting, and 

cooling propertic of mold Presidential ad 

dress before Institute of Metal 
NICKEL-ALUMINUM Nickel Aluminu 


tronzes, | > Gleason Metal Indust: 
(N Y.), vol 25, no f, Apr., 1927, p 
149 Alloy ji uperior to phosphor, man 
ganese and gun bronzes and special steel 
as set forth by U. 8. Navy on specification 
for inspection of material ind-cast ma 
terials; various bronzes and their properti 


CALORIMETERS 


METAI An Imp ved Metal Calorimet: 
for Determination of Specific Heat of Metal 
Oxides and Slag (Ein verbessertes Metall 
kalorimeter zur Bestimmung der spezifischen 
Wiirme von Metallen, Oxvden und Schlacken) 
W. Grosse and W. Dinkler. Stahl u. Eisen 
vol. 47, no ll, Mar 17, 1927, pp 14 
153, 6 fig Instrument for determination 
of pecifi heat in temperature ranges of 
100 to 1600 deg calibration of calor 
meter; results of test device ji combin 
tion of Oberhoffer vacuum proces witl 
Nernst-Lindermann calorimete 


CAST TRON 


ABRASIVE RESISTANCI Che Resistan 
to Wear of Cast Iron in the ¢ ( f Sliding 
Friction Foundry Trade Jl., vol. 35, n 
549, Feb. 24, 1927, pp. 173-174 Result 
of experiments carried out b oO. H Lel 
mann, Translated from  Giesserei-Zeitung 
nos 21, 22, 28, Nov - 15 and De l 
1926 See reference to original article in 
Eng. Index, A. 8S. S. T. Trans., Feb., 192 
p. 807, 


AUTOMOTIVE INDUSTRY Cast Iron in 


Its Relation to the Automotive Industry, } 
J. Lowry Soc. Automotive Engrs.—Jl., vol 
20, no. ?, Feb., 1927, pp. 277-290, 1 
figs Data pre ented tend to prove that 
true hardness j not measurable by any 


known test; further, that 
test is not function of machinability or of 
wear and that combined carbon bears littl 
relation to any of these three factors; gov 
erning feature seem to be forms of car 
bon, structure of iron and quality of ma 
terials used: method used in determining 
quality of material is that f dilation; thi 
test showed that expansion of casting is ri 
lated to expansion of material used; it i 
felt that continual experimentation with thi 
method will enlighten many inanswerabl« 
questions which arise concerning cast iron 
it present. 

ELECTRIC MELTING cdray Cast Iron 
from the Point of View of the Electric 
Furnace, G. K. Elliot West. Machy. World, 
vol. 18, no. 3, Mar., 1927, pp. 122-123 and 


present hardne 
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136. Correct understanding of chemistry of 
both acid and basic-hearth electric furnaces 
should lie at the foundation of every de 
cision for or against adoption of electric 
furnace in competition with cupola; points 
yuut difference in behavior of basic and acid 
furnaces toward molten cast iron. 


GRATE BARS. Cast Iron Alloy Devel 
oped for Grate Bars. Ry. Mech. Engr., vol. 
101, no. 3, Mar., 1927, pp. 181-182, 2 
figs. Placed on market under trade name 
of Nogroth metal, an air-furnace product; 
its structure resembles that of white cast 
iron and has many properties of cast steel; 
it retains its original strength at high tem 
peratures, nor will it grow when exposed 
to temperatures below melting point. 

HEAT TREATMENT. The Heat Treat 
ment and Growth of Cast Iron, J. W. 
Donaldson. Foundry Trade Jl., vol. 35, nos. 
548 and 549, Feb. 17 and 24, 1927, pp. 
143-146 and 167-169 and (discussion) 169 
171, 13 figs. Account of series of heat 
treatment tests carried out on iron cast by 
filter process; results show that carbide de- 
composition accompanied by graphite deposi- 
tion takes place in gray cast iron when 
subjected to low-temperature heat treatment ; 
stability of carbide is influenced by silicon 
content, and also by initial combined car 
bon content; also by temperature and dura 
tion of heat treatment. 


IMPROVEMENT. The Refinement of Cast 
Iron by Mechanical Process. Fuels & Fur- 
naces, vol. 5, no. 4, Apr., 1927, pp. 501 
502. Mechanical process described by M. 
Irresberger before Society of German Foun- 
drymen, consists in subjecting liquid cast 
iron to violent shaking or vibrating motion, 
which activates and accelerates such reac 
tions as are known to occur in bath; liquid 
iron is degasified and deoxidized, and all 
components of cast iron are thoroughly mixed, 
thus neutralizing harmful effects of sulphur: 
graphite is dissolved and more finely-grained 
structure is obtained. 

OVERHEATING. Effect of Extended 
Overheating on Structure and Properties of 
Cast Iron (Einwirkung einer weitgehenden 
Ueberhitzung auf Gefiige und Eigenschaften 
von Gusseisen), F. Meyer. Stahl u. Eisen, 
vol. 47, no. 8, Feb. 24, 1927, pp. 294-297, 
10 figs. Effect of graphitization through 
overheating in molten state on degree of 
fineness; account and results of tests, and 
conclusions therefrom; it is shown that in 
all cases, with increasing overheating of 
pig and cast iron, increased graphitization 
occurred. 

PHOHPHORUS, EFFECT OF. Influence 
of the Phosphorus Content of Cast Iron on 
the Resistance to Compression and Tensile 
Stresses, W. E. Dennison. Foundry Trade 
Jl., vol. 35, no. 552, Mar. 17, 1927, pp. 
229-230. Results of experiment carried out 
to determine deterioration of gray cast iron 
when phosphorus content is raised from 0.8 
to 1.2 per cent. 


SHEAR TESTS. Ring Shear Tests for 
Cast Iron, M. Rudeloff. Metallurgist (Supp. 
to Engineer), Mar. 25, 1927, p. 47, 1 fig. 
Results of experimental investigation; al- 
though ring shear test as originally pro 
posed can be performed more rapidly and 
with smaller specimens than more usual 
mechanical tests, it nevertheless requires 
specimens about 20 mm. in length and 25 
mm, in diameter from which test piece 
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of special shape has to b 


vestig: 


plified 


ation has been extended 
punch test, in whicl 


required was thin disk of 


2mm. 


, 


in thickness; expressior 


be used with good accuracy 


punch 
cast 


ranging from 18 to 382 kg 


Transl 
and 2 


STRUCTURAL CONSTITUENT 


culatic 
Iron . 
bestan 
Pinsl. 
1927, 


occur 


tests, other mechanica 
irons having punch 

ated from Giesserei, \ 
1, 1926. 


’ 


mn of Structural Constitu 


Analysis (Die Berechnung 


1 


dteile aus der Gusseis 


Giesserei, vol. 14, 1 


pp. 161-165, 3 figs. Att 
to calculate structural cons 


in gray cast iron 


SULPHUR IN. Limitati 
fect for Ordinary Cast lh 


Engrs, 
1927, 


by m 
tests ; 


(Japan)—Jl1., vol. 30, 


pp. 47-74, 15 figs. Det 
permissible amount of sulphu 
iron castings for machine const 


eans of mechanical 
for soft iron (over 2 


permissible amount of sulphu 


per ce 


nt; for hard iron (ab 


of Si) up to 0.10 per cent 


hard 


iron (under 1.0 per 


to 0.08 per cent. (In Jap 


CASTING 
INZES. Remember rl 


BR¢ 
Down 
55, m 
figs. 
ment 
square 
divides 
parts 


to the Sea in Ship 
hs. ae ee... Be 2ORT, 3 
Methods employed in 
of bronze fisherman 

in Gloucester, Mas 
1 into eight section 
were handled; pouring 


CHROMIUM 
PROPERTIES AND USES 


Its Pr 
Autom 
1927, 


teristic 


roperties and Uses, ¢ 


otive Engrs.— Jl., vol 
pp. 157-160. More in 
*§ are extreme hardness 


sistance to high temperatur 
and high reflectivity; becaus 
toughness to other metals, 
cent of production is used i 
of chromium with nickel, 


ganese 
resisto 
Goldsc 
metal 
oxide 
agent : 


, called nichrome, is 
r in enameling and 


hmidt process of produ 


Le 


consists in mixing greé 


with aluminum which 


stainless steel is mad 


cent chfomium and iron 


CHROMIUM-NICKEL 


CARSIL PROCESS. The 
Foundry Trade Jl., vol. 35, 


17, 1927, p. 235. Manufacture 
grade nickel-chromium steel f 
sand at works of ©. G. C 
Sheffield. 


MOLYBDENUM IN. Molyb: 


Chrom 


ium Medium Carbon 


Age (Met. Sect.), vol. 16, 


5, 1927, pp. 17-19. 


fluence of molybdenum, carried | 
search 
ical ri 
ment ; 
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jenu! 


Stee 
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Department, Woolwich ; 


unges ; microstructur: 
mechanical properties 


il 
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irlis é 


+ 


Investigat 
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no. 3191, Mar. 11, 

Experiments show that 
temperatures 
annealing 


tituent completely ; 


solubility 
temperature. 


OXYGEN 
Plus Oxygen on Copper, D. 
Engineering, 


cold-rolled 
that small amounts of oxy 
embrittling 


50 deg. cent. ; 


conductivity ; 


annealing hydrogen. 


Electrochem. 
Papers, Apr. 28-30, 19 
application 
and brass, and acid mixtures 
ecommended; study of chemistry 
hydrochloric 
it was found 


sulphuric, 
icids has been made; 


concentration, 
ion of zine varies directly with 
hydrochloric acid; 
ids upon proportion of sulphuric 
temperature. 

= 
The Specific 
Electrolytes 
Skowronsk1 
Electrochem. 


JECTROLYTIC REFINING. 


Calculation, 


resistivity 
concentrations 
was determined ; 
of copper, 
resistivity 


sulphurie acid 


sition of electrolyte used in copper 
effect of copper, nickel, arsenic and 
increasing specific resistivity of elec 
proportional 


Copper as Engineering Ma 
Werkstoff), 


Production 


iemical and physical properties ; 
impurities ; 





RECRYSTALLIZATION, 


Kupferdraht), 
Zeit. fiir Physik, vol. 


photographs 
recrystallization 
thread-like 
direction parallel to axis 
possesses no elastic recoil. 
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COPPER-IRON-SILICON Reaction and 
Equilibrium in Copper-lron-Silicon System 
with Special Regard to Copper Matte (Re 
aktionen und Gleichgewichte im System Cu 
Fe-Si mit besonderer Beriicksichtigung dk 
Kupfersteins), O. Reuleaux. Metall u. Erz., 
vol. 24, nos. 5 and 6, Mar. 1 and 2, 1927, 
pp. 99-111 and 129-1384, 24 figs. Binary 
systems, Cu-Fe, Cu-Si and Fe-Si; crystallized 
state; solidification phenomena. Bibliography 


CORSON, Copper llardened by New 
Method, M. G. Corson. Brass World, vol 
23, no. 3, Mar., 1927, pp. 77-79, 3 figs 
What Corson alloys are; stronger cable wir 
possible; many uses suggested;  silicon-alu 
minum and silver-silicon alloys 


CORROSION 


LIGHT ALLOYS Corrosion Tests with 
Hydrogen Peroxide--Sodium Chloride Solu 
tions (Korrosionsversuche mit ilkaliseh-re 
agierender Wasserstoffsuperoxyd-Kochsalzli 
sung auf verschiedene Leichtmetall-Legi« 
rungen), E, Rackwitz and E. K. QO. Schmidt 
Korrosion u. Metallschutz, vol. 8, no. 1, 
Jan., 1927, pp. 5-10, 7 figs. Results ot 
tests show that Mylius oxidic salt test as 
well as author’s modified method do not a 
yet meet requirements for rapid corrosion 
testing of light alloys; first method could 
perhaps be improved by certain changes rec 
ommended by author 

RESEARCH. Present Status of Corrosion 
Research (Heutiger Stand der Korrosions 


forschung), J. Hausen. Stahl u, Eisen, vol 
47, no. 7, Feb. 17, 1927, pp. 272-274, 1 
fig. Investigation of different phenomena, 


showing that no general rule can be given 
for prevention of metal corrosion; only d 
tailed knowledge of behavior of every singk 
metal can serve as basis for its proper 
use under given conditions. 

INTERNAL DIFFUSION. Temperature of 
Commencement of Internal Diffusion in Crys 
tals (Die Temperatur des Beginns innerer 
Diffusion in Kristallen), G. Tammann. Zeit. 
fiir anorganische u. allgemeine Chemie, vol 
157, no. 4, Nov. 16, 1926, pp. 321-325. 
Sintering together of powders on heating is 
most probably due to molecules commencing 
to change their places; the more compli 
cated the molecule is, the nearer does this 
temperature approach melting point. 


PLASTIC DEFORMATION, Increase of 
Tensile Strength of Single Crystals by Plastic 
Deformation (Ueber die Schubverfestigung 
von Einkristallen bei plastischer Deforma 
tion), E. Schmid, Zeit. fiir Physik, vol. 40, 
no. 1-2, Nov. 29, 1926, pp. 54-74, 8 figs. 
Increase of strength of main faces of slip 
in zine crystals caused by plastic extension 
has been investigated; after passing elastic 
limit, strength increases linearly with ex 
tension. See brief translated abstract in 
grit. Chem. Abstracts, Feb., 1927, p. 99. 






CUPOLAS 


FLUORSPAR ADDITIONS. Fluorspar in 
Cupola Practic Iron Age, vol. 119, no. 
14, Apr. 7, 1927, pp. 997-998. German 
tests indicate that it does not act as de- 
sulphurizer where lime used is pure; further 
research needed, Abstract translated from 
Stahl u. Eisen, Jan, 27, 1927, p. 128. 

STEEL-SCRAP MELTING. The Melting of 
Steel Scrap in Cupolas (A propos de la 
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Fusion des Riblons d’acier au Cubilot), M. 
Guedras, Fonderie Moderne, vol. 21, Feb., 
1927, pp. 35-36. Remarks based on article 
in Oct. 1926 issue of same pournal. 
CUTTING TOOLS 

ROUGH TURNING. Rough Turning with 


Particular Reference to the Steel Cut, H. J. 


French and T. G. Digges. Mech. Eng., vol. 
49, no. 4, Apr., 1927, pp. 339-352 and 
(discussion) 352-354, 17 figs. Tests extend 
to current commercial high-speed tool and 


structural alloy steels portions of Taylor’s 
original investigations in rough turning car- 
bon steels made primarily to show effect 


upon tool performance of variation in chem- 
ical composition and mechanical properties 
of steel cut. See reference to complete ar 
ticle in A. S. M. E. advance paper in Eng. 


index Section of A. S. S. T. Trans., Jan., 
1927, p. 137. 
DIES 

CLASSIFICATION. Classifying Dies in 
Stamping Shop, P. J. Edmonds. Forging 


Stamping-Heat Treating, vol. 13, no. 3, Mar., 
1927, pp. 87-88. Extended outline of gen 
eral division of dies with further subdivision 
in detail; terms employed are defined. 


ELECTRIC FURNACES 

BRASS-MELTING, Electricity in the Foun 
dry, C. R. Burch and N. R. Davis. Metro 
politan Vickers Gaz., vol. 10, no. 167, Feb., 
1927, p. 47. Describes electrical perform- 
ance of furnace for melting brass and cop- 
per; it was designed to take type A650 sala- 
mander crucible. 

ELECTROTHERMIC PROCESSES. The Use 
of Electric Furnaces at Niagara Falls 1902 
to 1926, F. A. J. FitzGerald. Am. Electro- 
chem, Soc.—Advance Paper, no. 2, for mtg. 
Apr. 28-30, 1927, pp. 47-50, 3 figs. Presents 
figures showing remarkable growth of fur- 
naces used in certain electrothermic processes 
in Niagara Falls during 25 years; electric- 
furnace processes are divided into three 
groups, namely: abrasives, carbon products 
and ferroalloys and calcium carbide. 

HEAT TREATING, Tubular Electric Fur- 
nace for Heat Treating, H. O. Swoboda. 
Forging-Stamping-Heat Treating, vol. 13, no. 
3, Mar., 1927, pp. 96-97, 1 fig. Embodies 
radical departure from prevalent pusher type. 

HIGH-FREQUENCY. The Study of High- 
Frequency Induction Furnaces (Zur Kenntnis 
Hochfrequenz-Induktionsofens), F. Wever 
and W. Fischer. Mitteilungen aus dem Kaiser- 
Wilhelm-Institut fiir Eisenforschung, vol. 8, 
nos. 69 and 70, parts 10 and 11, 1926, pp. 
149-170 and 171-179, 47 figs. Paper no. 69: 
Theory and design of ironless induction fur- 
naces; current and field distribution in in- 
terior of solid cylinder; air transformer; gen- 
eral aspects of construction and examples of 
actual designs; possibilities of development. 
Paper no. 70: Metallurgy of ironless induc- 
tion furnaces; decarburization and deoxida- 
tion: production of carbon-poor and carbon- 
rich steels in ironless furnace; refining tests 


des 


with pure nickel; possibilities of develop- 
ment, 
HIGH-TEMPERATURE. Tungsten Spiral 


Furnace for Very High Temperatures (Wolf- 
ramspiraléfen fiir sehr hohe Temperaturen), 
W. Fehse. Zeit. fiir Technische Physik, no. 3, 
1927, pp. 119-122, 5 figs. Results of tests 
for purpose of improving heaters. 
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INDUSTRIAL 


APPLICAT 
Industrial Heating 
no. 13, Mar. 31, 19 
Heat treating departments 
forging furnaces have fault 
melting gray iron and bras 
NONFERROUS. 
ferrous 
Industry (Lond.), vol. 
Mar. 18 and 25, 1927, pp 
311, 4 figs. Deals in pr 
principal electric furnaces 
alloys of copper, nickel, zin 
special reference to 
normal and high frequency 
fore Institute of 
ing, vol. 123, no. 
334-336, 4 figs.: and | 
35, no. 551, Mar. 10, 
figs.; and editorial 
NONFERROUS. Electri 
Nonferrous Metals. Metall 
Engineer), Mar. 25, 192° 


ity in 
119, 


Electri 


> 
o 
er 

De 


Metallurgy, D. F. <¢ 


induct 


Metals Ss 
3192, Mar. 
und! 
1927, 
comment, 





| 
i( 


ir 


Fe Pp. oo 


of papers and discussion present 


stitute of “Metals; great 
stands in way of wider ap 
frequency principle to 
first cost and upkeep of p 
generation of 
made in 
masses of metal; 
nealing furnaces. 
PRACTICE, German | 
Electrical Furnace Practice 
Jl., vol. 35, no. 549, Feb. 
177. 
Reactions in Basic Electric | 
Kerpely. Economy of Ek 
Foundry, by E. 


ress 


question 


indu 


difi 


ylicatior 


ety 


lant 
high-frequency 
America in m¢ 


Noir 


ines 


Sao 
Review of following pape 


rT 


tr 


I 


3, Mar 


Kothny : 
Induction Furnace, by W. 
for Electrical Energy, by W. 
ELECTRIC WELDING, 
BUILDING CONSTRUCTION 
Field Opens for Welding, G. 
Mfg. Industries, vol. 13, no 


215-216, 4 figs. 
five-story 


Westingh 
building by arc 


construction. 
BUTT-WELDING 
bon-Are Butt-Welding 
vol. 66, no, 
Recent development of Lin 
Cleveland; it is claimed 
can be applied to certain 
welding problems that cann 
resistance welder. 
STEEL PIPES. Are 
High Pressure Mains for N« 
Schenstrom. Am. Welding 
no. 2, Feb. 1927, pp. 30 
of large-size diameter, 
water pipe to be installed 
United States; it is 48-in. 


Macl 


ef % in. flange steel, welded insid 


results of tests. 


use put 
weld ng 
advantages offered through medium of 


MACHINE 


14, Apr. 7, 1927, 


} 
Classe 


a 


Welded 


w Y 


Sor 


36. 
] r} 
electrically 


] . 
in large 


I 


STRUCTURAL STEEL. Arc 
tural Steel Buildings, C. G 
& Steel Engr., vol. 4, no. 3, 


151-155, 9 figs. and 
34 figs. Describes 
welded steel building by 
ing Company; it 


not a rivet or bolt was used in 
or erection ; 
welded. 


even derrick 


was 


erection 
Youngst 
is of standard nm 


ol 


used 


ARC 


Wats 
Mar 
(discussion ) 


irc-welding 


‘discussion ) 


‘ standard i 
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OF Study of Electric Auto 
ding (Etude sur la soudure elec 
ne), H. Dustin Revue Uni 
” Mines, vol. 13, no. 6, Dec. i, 
177-206, 22 figs. Results of re 
iding study of structure and mé¢ 
properties of welding metal and 
velding on basic metal. 


ELEC! RODES 
RAPHITE AND CARBON. Graphite and 
\ ! Carbon Electrodes in the Iron 
St Industry (Graphitelektroden und 
Kohleelectroden in der Ejisen- und 
g justrie), W. Bliemeister. Stahl u. 
47, no. 11, Mar. 17, 1927, 
8 Presents table of relative val 
carbon and graphite electrodes; great 
between the two are shown in 
etivity; strength is approximate]l) 


+ 


for both: advantages and disad 

g f both types. 

FORGING 

MACHINE. Progress in Machine Forg 
- (. D. Harmon. West. Machy. World, 
l n 12, Dec., 1926, pp. 534-535, 
and vol. 18, no. 2, Feb., 1927, 
64-65 and 91. Comparison of relative 
t ichine forging and drop forging 


MACHINES. Forging Machines (Les ma 
1 forger), L. Gendron. Pratique des 
ries Mécaniques, vol. 9, no. 12, Mar., 
pp. 485-494, 20 figs. Points out de 
f older types; safety devices; im 
nts in machine; machines for low 
forging; recent innovations. 
METHODS. Forging Two Unusual Parts. 
\ Mach., vol. 66, no. 14, Apr. 7, 1927, 
4 figs. Replacing difficult cast 
th forging; forming in one operation ; 


mperature 


581-582, 


wing very heavy shell; parts are 

made at East Pittsburgh plant of 
Westinghouse Electric & Manufacturing Co 
STEEL. Some Notes on the Forging of 
Steel, O. W. Ellis. Metallurgist (Supp. to 


gineer), Mar. 25, 1927, pp. 46-47. Deals 
st with factors affected by forging ma 
namely, energy and velocity of blow; 
then with factors determined by mate 
being forged, namely, volume of metal 
ng forged and its carbon content. 


FOUNDRIES 


PRACTICE. Old-Fashioned Methods and 


rovements in Foundry Practice (Riick 
ligkeiten und Fortschritte im Giesserei- 
n), T. Ehrhardt. Giesserei, vol. 14, 
10, Mar. 5, 1927, pp. 145-151, 6 figs. 


Layout and equipment of large modern foun 
provements of unsatisfactory equip- 
new materials; foundry for special 
works; general arrangement of auxil 
plants; iron recovery from scrap; im 
ng quality of gray iron castings. 


I 


FLEL ECONOMY 


IRON AND STEEL INDUSTRY. Fuel Econ 
in the Iron and Steel Industry, H. A. 
Brassert. Fuels and Furnaces, vol. 5, no. 4, 
1927, pp. 467-471. Discussion of more 
al use of fuels; proper application 
cleaning of gas; gas enrichment ; 
preheated air; effect of gas con 


on heat transmission. 








METALLURGICAL INDUSTRY Fuel 


EKeonomy and the Metallurgical Industry, | 
W. Smith. Gas World, vol. 86, no. 2223, 
Mar. 12, 1927, pp 240-242 Notes on 
waste-heat boilers use of coke oven and 
blast furnace gas; insulation bv aluminun 
paint 


FURNACES, ANNEALING 


GAS-FIRED. Modern Gas-Fired Annealing 
Furnaces, T. Teisen. Foundry Trade J1., vol 
35, no, 552, Mar. 17, 1927, pp. 2388-239 
Suiting producer to fuel; regenerative and 


recuperative furnaces malleable annealing 
Turnaces 


FURNACES, GAS 


FORGING AND HARDENING. = Thermal 
and Operating Economy in Forging and 
Hardening (Wiirmewirtschaft und Betriebs 
wirtschaft in Schmieden und Hiirtereien), K 
Kassler. Sparwirtschaft, no. 8, Mar., 1927, 
pp. 123-125. Points out advantages of gas 
firing: in spite of 50 per cent additional 
cost, gas furnaces effect saving of 5.65 per 
cent; for mass production of parts economi 
cally constructed continuous furnaces can be 
employed. 

RADIANT-HEAT. 


Gas-Fired Furnaces for 
High Temperature 


Work. Gas Age—Rec., 
vol. 59, no. 14, Apr. 2, 1927, pp. 488 
489, 2 figs. Describes system of furnace 
construction which was first given publicity; 
in Gesolei in Duesseldorf, Germany, where 
several examples of furnaces were exhibited 
in 1926; these are known as Krupp radi 
ating furnaces containing radiant body, and 
are made and sold by Mindoga Industriejifen 
und Gaserzeuger Gesellschaft, m. b. H., Essen, 
Germany. 

REGENERATIVE. The Siemens Smelting 
and Copper Refining Furnaces and Their 
Advantages over Semi-Gas Furnaces (Die 
Siemens-Schmelz- und Kupferraffinier’fen und 
ihre Vorziige gegeniiber Halbgasifen), A. 
Sprenger. Metall u. Erz, vol. 24, no. 6, 
Mar. 2, 1927, pp. 121-128, 16 figs. Based 
on practical results, advantages of Siemens 
regenerative gas furnaces for refining of cop 
per and metal-containing ores are set forth; 
comparison with semi-gas furnaces; main 
points in favor of these gas furnaces are 
low coal consumption, easy control and high 
efficiency and durability; discusses possibility 
of increasing efficiency by use of mechani 
cally charged tilting furnace and of gas 
heated auxiliary equipment. 


FURNACES, GAS 

ROTATING. A Rotating Gas Furnace, J. 
Williams. Am. Mach., vol. 66, no. 14, Apr 
7, 1927, pp. 592-593, 1 fig. Furnace in 
forge shop of Morse Twist Drill & Machine 
Co. is used to heat drill blanks that are to 
be upset on one end to form tapered square 
shanks on “‘bit-stock”’ drills. 


FURNACES, HEAT-TREATING 


DESIGN. Practical Industrial Furnace De 
sign, M. H. Mawhinney Forging-Stamping 
Heat Treating, vol. 13, no. 3, Mar., 1927, 


pp. 83-86 and 88, 2 figs. Construction of 
furnaces for heat treating plays important 
part in success of operation; heating proc 
esses are explained by examples. 


TYPES. Heat Treatment and Metallog 
raphy of Steel, H. C. Knerr, Forging- 


Stamping-Heat Treating, vol. 18, no. 3, Mar., 
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1927, pp. 103-107 and 110, 8 figs Furnace 
materials; essentials for good heating; types 
of furnaces; electric furnaces, 


FURNACES, HEATING 
REVERSIBLE REGENERATION, The In 
fluence of Flue Gas Temperature upon Fuel 


Consumption Metal Industry (Lond.), vol. 
30, no. 9, Mar. 4, 1927, pp. 238-239, 2 
figs. Attempt has been made during past 


few years by Davis Furnace Co., Luton, 
to reduce heat losses on gas-fired furnaces 
by adoption of system of reversible regener 
ation applied to air supply; design of fur 
nace in which this principle is adopted is 
known as Revergen; advantages of system; 
typical results available upon annealing of 


cast iron and steel in furnaces of Revergen 
type 


FURNACES, INDUSTRIAL 


AIR DISTRIBUTION Air Supply for In 
dustrial Furnace (Windlieferung fiir Industri« 
jfen), Maercks Firdertechnik u. Fracht 
verkehr, vol. 20, no. 6, Mar. 18, 1927, 
pp. 121-124, 5 figs Air pipe; individual 
or group distribution; regulation of blast 
capacity; control of air supply; parallel 
connection of ventilators, 


KURNACES, METALLURGICAL 
EFFICIENCY. Definition of Thermal Effi 
ciency for Metallurgical Furnaces (Wirkungs 
grad metallurgischer Ofen), P. Rosin. Metall 
u. Erz, vol. 24, no. 4, Feb. 2, 1927, pp 
73-81, 17 figs. Relationship between calorifi 
value and tlue-gas volumes of all fuels and 
calorific value-volume diagrams; J-t diagram 
for flue gas and its practical application. 


SMALL. Most Important Types of Small 
Furnaces (Die wichtigsten kleinofenarten), E 
Hasselblatt. Werkstattstechnik, vol. 21, no. 
4, Feb, 15, 1927, pp. 98-103, 15 figs 
Brief review of development ; most important 
difference between small and large metal 
lurgical furnaces; most important types, deal 
ing especially with hardening, annealing, 
forging and melting furnaces, 


HARDNESS 


ROCKWELL AND BRINELL NUMBERS 
Relationships Between the Rockwell and 
Brinell Numbers, 8. N. Petrenko. U. S 
Bur. Standards—Technologic paper no, 334, 
Jan. 10, 1927, pp. 195-222, 7 figs. Com 
parative Rockwell and Brinell tests wer 
made on great variety of ferrous and non 
ferrous metals; experimental values of Brinell 
ind Rockwell numbers were inserted into 
given equations and constants determined ; 
these theoretical equations with experiment 
ally determined constants may be used to 
estimate, within error of plus or minus 10 
per cent, Brinell number from Rockwell 
number; similar equations were obtained for 
tensile strengths of steels, which may, within 
an error of plus or minus 15 per cent be 
estimated from Rockwell number. 

ROCKWELL TEST. Rockwell Hardness 
Test Approved. Soc. Automotive Engrs. 
Jl., vol. 20, no. 1, Jan., 1927, pp. 13-14. Pres 
ent 8. A. E. specifications cover only Brinell 
and Shore hardness tests; Rockwell tester 
measures hardness by determining depth of 
penetration of steel ball or diamond cone 
(Brale) in material being tested under con 
ditions of load application. 





IMPACT 
NOTCHED-BAR, 
Specimen and Temperature of St 
Notched-Bar Test 
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Kraftverlauf 


TESTING 


Mitteilungen 
Kisenforschung, 


determination 


formation determination 


temperature 
working speed 


DESULPHURIZING 
lk luorides, 

Engineer), 
Review of experiments by 
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desulphurization should bs 
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MAGNETIZATION LOSSES 
Determination 
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magnetizab) 
constructed principles of 


Hopkinson 
RUSTLESS. 
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of ferrochromium suggested; chromiun 


SOLUBILITY HARDNESS 


Tordieren 
Veriinderungen 
metallischer Materialien), 


Korrosion Metallschutz, 


ball impression ; 


cold draw! 
blowholes 
disappear, 
fore, are injurious to material, both 
chemically. 
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Stainless Iron. 


Characteristic 


Physical proj 
Reference- book 
TRANSFORMER. 

Transformer 
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ng quality 
determine 
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ALLOYS 


Application 
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Anwendung), Hannemann 


martensit« 
investigations 


ASTINGS 


OXIDIZING Oxidizing 


Foundryman 


li hed and plated before they 


Commonwealth 
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combination, 


of Molten 


Roheisen), Thielmann 


molecular 
measurements, 
iron-carbon 


temperature 
graphically 


Specifications 
Metallurgist to Engineer), Mat 
completely 


ist be carefully differentiated from 

specification - argument 
rid purchasing specifications of na 
desirabilits 


MAGNESIUM ALLOYS 


CASTING 
Magnesium Alloys (Das Schmelzen 
Magnesiumlegierungen), 








INDEX 


i Reininger CGiesset vol 14, no 

md 12 Jan S. ind’ Mar 19, 1927, pp 
1/-2] and 182-190 ss tig Review of 
development in use { magnesium alloy 

with special reference to clectron metal 

melting ind casting method Mar 1 
Melting equipment economy of different 
melting process ind plant casting of 


magnesium alloy method ind equipment 


VMALLEABLE CASTINGS 





BLACK - HEART The Cupola ind Black 
Hleart Malleable (Le cubilot at la malléabh 
coeur noir i pratique), ¢ Kluyvestiman 
konderie Moderne, vol ‘| KFeb., 1092 pp 
fool Deals with cupola proce In melting 
pig Which is to be annealed for obtaining 
black- heart malleable; deals with air volume, 
pressure and calculation of charge; tempet 


iture and composition; points out that blacl 
heart malleable can be produced at lower 
price In cupola than in reverberatory fur 


EERTINGS Malleable Tron Pipe Fitting 


i KR Hliscott Machy Market ho 87h 
Mat Li, AOZe pp 19-20 > fie Discusme 
fitting which are erewed British tandard 
eri Or pipe thread, ind sare for use with 
gas, Water or steam barrel; describes typical 
hop in which such fitting ire made 


METALLOGRAPHY 


IRON AND STREET The Properti of 
Iron and Steel a Affected by Composition 
and tleat Treatment, HH. M. Boylston Kuel 
and Furnaces, vol , no. 4, Apr 1927 
pp. 483-440, 12. fig Discussion on metal 
lography of iron and. steel effect of carbon 
content on physical properti« relation of 
carbon content to use of teel 


METALS 


KLECTROLYTIC REFINING Kleetrolytis 
Refining During the Past Twenty-Five Year 


L Addick Am Electrochem Soc Ad 
vance Papers, Apr 28-30 1927 no 13, 
s pp While much progre has been made 
in practice, considerably greater progress ha 
been made in theory of electrolytic refining 
> vears ago copper was practically the onl 
metal electrolytically refined on large com 
mercial cal today lead, zine, gold and 
ilver are refined by very similar processe 

electrolytic treatment of liquors obtained bs 
leaching of copper ore is now obtaining 


wide application and will continue to ex 
pand rapidly 


KFATICUER Some Modern View on the 
Fatigue of Metals, H. J. Gough Structural 
Engr., vol. 5, no. 3, Mar 1927, pp. 70-81 
ind (discussion) 81-83 7 softlg Attrition 


theory of Ewing and Humfrey Bauschinger’ 
theory of natural range of elastic limit 


tress-strain relations under ife range and 
under unsafe range of stress; quasi-elasticity 
or elastic hysteresis; effect of slip caused 
by tress concentrations ; effect of tathe 
ind repeated atre es on microstructure of 
metals; theory of strain hardening governing 
behavior of metals under tatic and re 
peated stresse Bibliography 


FUSION HEAT Latent Heat of Fusion 
(Zur Theorie der Schmelzwiirmen), N von 
Raschevsky Zeit. fiir Physik, vol. 40, no 
3-4, Dee. 6, 1926, pp 214-219, 2 figs 
Proceeding from assumption that liquid stat: 
is reached when distance between atom 
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becomes so great that elastic modulus be 
comes zero, second differential of lattice 
energy in respect to lattice constant becom- 
ing zero, value of latent heat of seven 
metals is calculated and is in satisfactory 
agreement with experiment. 


GROWTH. Metal Growth Causes Motor 
Starter to Fail, D. A. Hampson. Machy. 
(N. Y.), vol. 33, no. 8, Apr., 1927, p. 
601. Instance in which motor starter that 
had stood idle for a time failed to work, 
as result of “metal growth’ in one of 
parts; it is well known that white metal 
parts change size under atmospheric con 
ditions, in much the same manner as iron 
castings, and instance referred to empha 
sizes this characteristic. 

HEAT- AND ACID-RESISTING. Heat 
and Acid-Resisting Materials (Hitze- und 
siiurebestiindige Konstruktionsstoffe), B. 
Schulz. Brennstoff- u. Wirmewirtschaft, vol 
9, no. 3, Feb. 1, 1927, pp. 62-65, 2 figs 
Discusses progress made in solution of this 
problem before and during World War, and 
recent post-war investigations and experi 
mental results of Post-War period. 


MELTING POINT. Relation Between Tem 
perature of Incipient Increase in Size of 
Granules and Melting Point of Metals (Ueber 
die Beziehung der Temperatur des Beginns 
des Kornwachstums zu der Schmelztempera 
tur der Metalle), A. A. Botschwar. Zeit. 
fiir anorganische u. allgemeine Chemie, vol 
157, no. 4, Nov. 16, 1926, pp. 319-320. 
For number of metals ratio of temperatur: 
at which new granules commence to be 
formed in metal, worked as far as possible 
in cold, to melting point tends to increase 
with decrease in latter temperature, but 
usually lies between 0.35 and 0.45. 


POURING PROCESS. A New Process for 
Pouring Zinc and Other Metals, W. M. 
Corse. Am. Zine Inst.—Bul., vol. 10, no. 
2-3, Feb.-Mar., 1927, pp. 23 and 50, 1 
fig. One of most successful processes for 
overcoming difficulties of obtaining clean in 
got is that known as Durville process, in 
vented by French engineer; application of 
process-to casting aluminum and its alloys 
has been very successful; it has been found, 
however, that other metals such as zinc 
and copper are greatly improved by use 
of this process. 

RECRYSTALLIZATION. Recrystallization 
(Ueber Rekristallisation), H. Hanemann. 
Stahl u. Eisen, vol. 47, no. 12, Mar, 24, 
1927, pp. 481-489 and (discussion) 489 
491, 14 figs. Review of literature; process 
and speed of recrystallization; recrystalliza 
tion diagrams; maximum of recrystalliza 
tion; theoretical and practical conclusions. 


TENSILE’ TEST. The Tensile Test 
Some Less Well-Known Features, G. Sachs. 
Metallurgist (Supp. to Engineer), Mar. 25, 
1927, pp. 44-46, 8 figs. Tensile stress as 
plotted in conventional load-extension dia 
gram is only nominal, actual or true stress 
at any point being greater in proportion 
to decrease in cross-section of test piece; 
true stress increases from beginning to end 
of test; maximum load occurs at com 
mencement of local necking of specimen; 
tests show that for mild steel, copper and 
aluminum, order of occurrence of phenomena 
is (1) local necking, (2) maximum load, 
(3) end of uniform elongation; in practic« 
it is found that effect of local necking 
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MICROSCOPES 
METALLIC. A New Meta 
(Ein Neues Metallmikroskop 
Giessereil, vol. 14, no. & |} 
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microscope which very nearly 
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f experimental furnace and re- 
ied: deviation of rule-of-thumb 
determination of external and 
rature: tests were carried out with 
gases. 
-ERATORS. 
rth, W. H. 


Recuperators for the 
Fitch. Iron Age, vol. 
13, Mar. 31, 1927, pp. 920-922, 
Suggestion for recovering part of 
now going up stacks; less fuel 
eel claimed possible; carborundum 
nstruction. 


OXYACETYLENE WELDING 
OPEN-HEARTH FURNACES. Cutting and 
Velding the Open-Hearth. Blast Furnace 
Plant, vol. 15, no. 3, Mar., 1927, 
141] Use of oxyacetylene blow pipe 
tapping, opening ‘‘frozen’’ nozzles 
ming scrap; welding equipment 

es ssible emergency repairs. 

IPE LINES. Pipe Line Welding from 
0 etvlene Viewpoint, L. Edwards. Am. 
g¢ Sor Jl., vol. 6, no. 2, Feb., 1927, 
4, 18 figs. Advantages: notes on 
on, material, aligning of pipe,meth- 
ng pipe, testing of line, expansion 
| raction, etc. 
STEEL PLATE. Oxyacetylene Welding 
Plate, T. C. Fetherston. Am. Welding 
vol. 6, no. 2, Feb., 1927, pp. 
$ figs Two major factors of im- 
re fusion and penetration; former 
thorough mixing of molten metal 
les of joint and from welding rod, 
indicates careful welding of pieces 
ned entire way to bottom of space 


edves 


PISTONS 
NICKEL-ALLOY. Nickel Alloy Pistons 
Performance. Motorship, vol. 12, 
Apr., 1927, pp. 299-300, 3 figs. 
power can be increased, wear on 
ngs is reduced, acceleration improved 
ther running obtained with Bu-nite 
pistons made by Butler Mfg. Co. 
ndianapolis from alloy of nickel, alu 
ind copper produced by special proc 
vhich results in complete union of 


RAILS 


FRACTURES. Internal Cracking of Rails 
Oval Spots (La fissuration interne des 
vec tache ovale), L. Pichard. Genie 
90, no. 5, Jan. 29, 1927, pp. 
13 figs. Presents theory of crack 
homogeneity and heterogeneity in 
graphic representation of hetero 
of a rail section: results of de- 
damages in rails due to rolling 
formation of transversed fissures due 
heterogeneity of metal, ete. 
JOINTS, WELDED. Progress Report Num 
Four Repeated Impact Tests. Commit- 
Welded Rail Joints. Am. Bur. Weld- 
Elec. Ry. Eng. Assn., July., 1926, 
20 figs. Deals with cast iron, 
resistance (bar and butt), electric 
ind thermit welded joints; relation 
erican Electric Railway Engineering 
n to committee; repeated impact 
welded rail joints; explanation of 
howing progressive failure of joints 
repeated impact tests; report of sub 
ttee on inspection of fractured joints ; 
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discussion in impact 


metallographic 
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ROLLING MILLS 


BAR MILLS. Mill to 
and Strip, F. L. Prentiss 
119, no. 11, Mar. 17, 1927, pp. 779-783, 
8 figs. Continuous sheet bar mill run by 
9000-horsepower motor; flexibility is out 
standing feature of new 10-inch merchant 
mill of Corrigan, McKinney Steel Co., Cleve 
land. 

ELECTRIFICATION. Electrification of 
Phoenix Mills (Pa.), R. H. Wright. Iron 
Age, vol. 119, .no. 10, Mar. 10, 1927, pp 
710-712, 3 figs. All steam drives and steam 
lines eliminated; structural-mill capacity in 
creased 25 per cent. 

ELECTRIFICATION Electrification of 
Steel Mills in Sweden (Variable motordrift 
inom jiirnindustrien), F. Freden. Teknish 
Tidskrift (Elektroteknik), vol. 57, no. 1, 
Jan. 8, 1927, pp. 1-4. General review of 
progress of electrification, systems most com 
monly in use and probable trend of future 
developments; general data are given for 68 
electrified mills: 36 of these have drives 
with special speed regulation; of these 36 
mills 16 utilize induction motors with 
cade regulation, 12 D. C. (Ward Leonard) 
and 8 induction motors with slip regulation 
(Kriimer system). 

INDUCTION MOTORS FOR. Speed Regu 
lation, Compounding and Phase Compensation 
in Three-Phase Induction Motors for Steel 
Mill Applications (Varvtalsreglering, kom 
poundering och faskompensation av trefasasyn 
kronomotorer), L. Dreyfus. Teknisk Tids 
krift (Elektroteknik), vol. 57, no. 1, Jan 
8, 1927, pp. 4-9, 15 figs. Author enumerates 
advantages of motor with speed regulation: 
(1) speed-torque characteristics can be varied 
over considerable range without affecting effi 
ciency; (2) no-load current can be selected 
arbitrarily; if so desired, motor can be used 
for power-factor correction; (3) load factor 
can be predetermined for entire speed range ; 
(4) overload capacity can be increased con 
siderably; considers advantages and disad 
vantages of various systems of steel-mill 
drives in which induction motors are used. 

LAYOUT AND EQUIPMENT. Rolls Wide 
Range of Products, R. A. Fiske. Iron Age, 
vol. 119, no. 13, Mar. 31, 1927, pp. 923 
926, 6 figs. Mill at Wisconsin Steel Works 
is equipped to produce universal plates, struc 
tural shapes, rounds, squares and flats. Sce 
also description in Iron Trade Rev., vol. 80, 
no. 13, Mar. 31, 1927, pp. 832-834, 4 figs 

MANNESMANN PROCESS. Mannesmann 
Process (Das Schriigwalzen), F. Kochs. Stahl 
u. Eisen, vol. 47, no. 11, Mar. 17, 1927, 
pp. 433-446, 30 figs. Principle of process; 
stresses in rolled material, mechanical and 
dynamic phenomena; magnitude, speed and 
direction of acting forces; twisting of ingot 
is unavoidable result; influence of mandrel 
on hole formation: tests, with aid of macro 
scopic and microscopic examinations, on dé 
formation phenomena. Bibliography. 

PLATE MILLS. Thin-Plate Mills (Das 
Feinblechwalzwerk), W. Kriimer. Stahl u. 
Eisen, vol. 47, nos. 6 and 10, Feb. 10 and 
Mar. 10, 1927, pp. 209-219 and 399-406, 
42 figs. Discusses most important methods 
of producing thin plate in cold and hot 
mills; details of such mills, including dry 
and platinum heating furnace; comparison 
of German and American rolling methods; 
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lubrication of bearings; heat treatment of 
plate; suggestions for improvements in order 
to obtain greater efficiency. 


SEMI-STEEL 


PROPERTIES. Semi-Steel, J. E. Hurst. 
Foundry Trade Jl., vol. 35, nos. 552, and 
553, Mar. 17, and 24, 1927, pp. 231-232 
and 257-258. Mar. 17: Composition; total 
carbon contents. Mar. 24: Industrial semi 
steel; low total-carbon semi-steels; character 
of steel additions; soundness and regularity 
of final castings. 


SHEET METAL 

THIN PLATE. Production and Use of 
Thin Plate in United States of America 
(Herstellung und Verwendung von Fein 
blechen in den Vereingten Staaten von 
Nordamerika), H. Klein. Stahl u. Eisen, 
vol. 47, no. 7, Feb. 17, 1927, pp. 259-262, 
Comparison of production and consumption 
data for United States and Germany; Amer- 
ican propaganda for use of thin plate; me 
thods and equipment of rolling mills. 


SPRINGS 

TEMPERING. Tempering and Resetting 
Springs, C. A. Kyle. Elec. Ry. Jl., vol. 69, 
no. 138, Mar. 26, 1927, pp. 576-577, 1 fig. 
Spring repairs are facilitated and cost of 
tempering and resetting springs reduced by 
spring-tempering furnace of gas-burning type 
installed in shops of New York State Rail 
ways, Syracuse, N. Y 


STEEL 

AIRCRAFT CONSTRUCTION. Commercial 
Aeronautics and Steel, Wm. P., MacCracken, 
Jr. Iron Age, vol. 119, no. 14, Apr. 7, 1927, 
pp. 987-989, 3 figs. Increasing use of fer 
rous metals in aircraft building; require 
ments, purposes and limitations. 


COLD WORKING. Cold Working and 
Quench- Hardening. Metallurgist (Supp. to 
Engineer), Mar. 25, 1927, pp. 47-48. Re 
view of article by Houdremont & Biirklin in 
Stahl u.~Eisen, Jan. 20, 1927, dealing with 
hardening of carbon steels by quenching and 
cold working; correspondence of density 
changes with hardness when produced by 
cold work and quenching respectively, was 
not found to be complete; hardness of cold 
drawn steel was considerably lower than that 
hardened by quenching with same change of 
volume; on internal-stress hypothesis, locali- 
zation of effects of cold work cannot be 
readily understood. 


CORROSION. Influence of Rust-Film Thick 
ness Upon the Rate of Corrosion of Steels, 
E. L. Chappell. Indus. & Eng. Chem., vol. 19, 
no. 4, Apr. 1927, pp. 464-466, 1 fig. In 
absence of rust films different commercial 
steels corrode in water or in atmosphere at 
characteristic rates determined by chemical 
properties of their surfaces; natural course 
of atmospheric corrosion does not lead to 
formation of heavy rust films, so copper 
bearings steels have been shown to be superior 
for this service; underwater corrosion gen- 
erally leads to formation of heavy rust film, 
and little difference has been found in cor- 
rosion rates of steels under water; there is 
quantitative decrease in corrosion rate about 
proportional to increases of rust-film thick 
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vol. 18, no. 3, Mar., 1927, pp. 101-102 
Tests from forgings and castings show vary 
ing characteristics dependent upon location 
and section of pieces for tensile r chemical 
determinations 


STEEL, HEAT TREATMENT OF 
MOLYBDENUM STEEI Molybdenum 
Steels Heat Treatment Soe Automotive 
Engrs. Jl., vol. 20, no. 1, Jan. 1927, pp 
14-15. S$. A. E. steels 4130 and 4140 covered 
by Iron and Steel Division Report 
OVERHEATING. Study of Overheating of 
Steels (Etude sur la surchauffe des aciers), 


L. Aisenstein Revue Universelle des Mines, 
vol. 13, no. 3, Feb. 1, 1927, pp. 106-115, 10 
figs. Conclusion of work published in sam 
journal in 1925 (vol. 8, no. 6, Dec 15, 


1925); present study deals with nickel and 
chrome steels 

OXYACETYLENE FLAME Heat Treat 
ment with the Torch, E. E. Thum. Acetylen 
Jl., vol. 28, no, 10, Apr., 1927, pp. 4738-476 
and 478, 7 figs Hardening of small tools; 
relationships between metal and flame; hard 
ening; drawing or tempering; hardening of 
malleable iron; annealing 

TYPEWRITER PARTS Hlow Typewriter 
Parts Are Heat Treated for Long Life, R. L 
Manier. Iron Trade Rev., vol. 80, no. 12, 
Mar. 24, 1927, pp. 769-770, 3 figs De 
scribes heat treating and japanning installa 
tion at L. C. Smith and Corona Typewriter 
Inc., Svracuse, N Y.; gas is employed as 
fuel and has been found most satisfactory ; 
furnaces of double-chamber type are used in 
tool department 


STEEL MANUFACTURE 

BASIC. The Blast Conditions with the 
Basic Process (Die Windverhaltnisse beim 
Thomasverfahren), HH, Bansen and B. Von 
Sothen. Stahl u. Eisen, vol. 47, no. 10, 
Mar. 10, 1927, pp. 385-389, 5 figs. Deter 
mination of pipe, base and bath resistance 
and their respective parts in total pressure 
loss; influence of elevation of base on pres 
sure loss, rate of blast capacity delivered 
per minute, and duration of blast. 

OPEN-HEARTH PROCESS. Steel, F. G 
Martin. Liverpool Eng. Soc Trans., vol 
47, 1926, pp. 148-170, 25 figs Deals with 
manufacture of Siemens-Martin = steel 


STRUCTURAL STEEL 

HEAT TREATMENT OF. The Heat Treat 
ment of Structural Steel (Ueber die Wirme 
behandlung von Konstruktionsstiihlen), F. W. 
Duesing. VV. BD. I. Beit.. vou 7i, no YF, 
Feb. 26, 1927, pp. 297-300, 15 figs. Results 
of extended investigations carried out at 
Kaiser Wilhelm Institut fiir Eisenforschung. 


SILICON. Silicon Steel Produced in the 
Open-Hearth Furnace (Silizium-Baustahl aus 
dem Siemens-Martin-Ofen), J. Meiser. Stahl 
u. Eisen, vol, 47, no. 11, Mar. 17, 1927, 
pp. 446-48. Results of strength testing of 
silicon steel show that material produced in 
open-hearth furnace of usual design, meets 
all requirements. 

WELDING VS. CASTING. Replacing Cast 
ings with Structural Shapes, W. L. Warner. 
Am. Welding Soc. Jl., vol. 6, no, 2, Feb., 
1927, pp. 36-44, 11 figs Yiscusses applica 
tions of welded structural steel parts to re 
placement of castings 



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TESTING MACHINES 

CALIBRATION, Calibrating Instruments 
for Strength-Testing Machines (Eichgeriite fiir 
Festigkeitspriifmaschinen), W. Wilk. Stahl 
u. Eisen, vol. 47, no. 10, Mar. 10, 1927, pp 
409-410. Deals with different types of 
equipment for calibration of materials-test 
ing machines. 


THERMOMETERS 

MELTING-POINT MEASUREMENT. 
ratus for Melting Point Determinations 
eenvoudig toestel voor smel tpuntbepaling), 
H,. Ter Meulen. Chemisch Weekblad, vol. 
24, no. 3, Jan. 15, 1927, p. 36, 1 fig 
Thermometer with capillary tube attached 
is supported in long test-tube, suspended in 
wider tube with constriction near lower 
end; small burner is placed below constric 
tion and piece of gauze above it. 


Appa 
(Ken 


THERMIT WELDING 

LARGE PIECES. Thermit Welding, J. H. 
Deppeler. Tech Eng. News, vol. 8, ‘no. 2, 
Mar. 1927, pp. 59 and 100, 2 figs. Welding 


of large pieces by this method. 


TIN PLATE 

TIN-IRON ALLOY IN, 
in Tin Plate, E. F. Kohman and N. H. San 
born. Indus. & Eng. Chem., vol. 19, no 4, 
Apr. 1927, pp. 514-518, 6 figs. There is no 
consistent variation evident in service value 
in comparing coke cans and various lots of 
cans with more tin alloy, while charcoal cans 
show appreciably better service; all lots of 
tin cans, even charcoal cans, showed much 
greater tendency to perforate than untinned 
cans, while latter showed much _ greater 
tendency to hydrogen formation; reason for 
this, as well as better service value of char 
coal cans, is discussed. 


The Tin-Iron Alloy 


TUBES 

STEEL, SEAMLESS. Influence of Coal 
Working on Strength Properties and Structure 
of Seamless Steel Tubes (Einfluss des Kalt 
ziehens auf die Festigkeitseigenschaften und 
das Geftige von nahtlosen Stahlrohren vers 
chiedener Vorbehandlung), A. Pomp and W. 
Albert. Stahl u. Eisen, vol. 47, no. 11, 
Mar. 17, 1927, pp. 459-463, 8 figs. Results 
of tests on seamless tubes which have under- 
gone different preliminary treatments; con 
tains supplement on power required in tube 
drawing. Abstract of paper read before 
Kaiser-Wilhelm Institut fiir Eisenforschung. 


WELDING 


CENTRAL STATIONS. 
Power House Costs, T. E. dePew. Welding 
Engr., vol. 12, no. 3, Mar., 1927, pp. 25-27, 
8 figs. Lower building, operating and main 
tenance charges are insured by its use at 
N. Y. Edison East River station. 

JOINTS. Some Facts About Welded Joints, 
S. J. Melville. Welding Engr., vol. 12, no. 
8, Mar. 1927, pp. 37-38. Old superstitions 
about greater reliability of rivets are grad 
ually giving way before new evidence in 
favor of welds. 

MACHINE CONSTRUCTION BY. Building 
Special Machines by Welding, R. E. Kinkead. 
Am. Mach., vol. 66, no. 10, Mar. 10, 1927, 
pp. 409-411, 8 figs. Single casting require 
ments for special machines run up unit cost; 
substituting built-up steel parts; how welding 


Welding Reduces 
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PIPE. Pipe Welding 
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STELLITING. 
Process, A. V. Harris. W 
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137, 6 figs. 
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X-RAYS : —" 
\ MOTIVE MATERIALS, EXAMINA poses. 
\pplications of X. Rays om the Auto COPPER. Developments in the Manufac 
justry, G. L. ( lark, R. H. Aborn ture of ( opper Wire . J R Shea and 8 
Brugmann, Soc. Automotive Engrs. McMullan Am. Inst. Ele« Engrs. Jl., vol 
0), no. 2, Feb., 1927, pp. 291-304, 46, no. 4, Apr. 1927, pp. 346-365, 26 figs 
Résume of x ray science and ex Developments in manutacture ofl copper wire 







} . ar r ractic 4 
| results regarding practical ap and describes copper rod and wire mill de 














to examination of automotive ma signed to meet new requirements; survey of 
nature and relationship of X-rays to copper-rolling and wire-drawing | art ; “out 
perties of X-rays which can be line of work done by Bell System engineet 
practically, and in production, in in developing and designing new types of 
X-ray tubes; detection of imper wire-drawing machinery , 
n castings, development of improved 
» technique by X-rays, substitution of TECHNICAL USES. Some ‘Technical Uses 
nes for forgings and X-ray examination of X-Rays, A. St. John. Indus, & Eng 
r tires, valves and the like; ultimate Chem., vol. 19, no. 3, Mar., 1927, pp 
talline structure of pure metals and al 339-342, 4 figs. Nature and origin ol 
wed in automotive industry, such as X-rays, ways they can be used for technical 
' bronzes, steels, alloy high-speed purposes, and jobs which have been handled 
‘eels, aluminous alloys, and the like; ef successfully ; advantages and limitations of 
f lubrication as determined by X-ray fluoroscopic and of photographic inspection. 








HARDNESS TESTING OF STEEL BALLS BY MAGNETIC METHODS 


(Continued from Page 690) 





















In conclusion it is a pleasure to acknowledge the courtesy 
of the Wilson-Maeulen Company of New York City in furnish 
ing one of their Model 2A Rockwell hardness testers for use in 
this work. Appreciation is expressed for the kind co-operation 
of the New Departure Manufacturing Company of Bristol, Conn. 
and the Norma-Hoffman Bearings Corporation of Stamford, Conn. 
Thanks are also due Mr. Fred Bedford, a graduate student in 
the department, for assisting in taking some of the readings. 


DISCUSSION 






CHAIRMAN ROCKWELL: I should like to ask Dr, Williams, if when put 
ting the ball between the magnet poles, that an artificial pole is created, that 
is, a certain north and south pole line. Can that be changed to any position 
without putting it through the solenoid to demagnetize it? 

De. S. R. WituiAMs: That is, after the ball is once placed between the 


poles, can it be rotated without affecting the reading? No, then one obtains 





iny reading. Put the steel ball in there once and pull it out and it will be 











magnetized, as shown with those filings. Suppose you turn it through 90 
legrees and set it back again and then pull it out, you will have four poles. 
You can have a regular fuzzy-wuzzy all over it, as you saw with those filings. 

CHAIRMAN ROCKWELL: I am thinking of Fig. 6 showing the striations 










the fracture. Have you broken any that had been subjected to that move- 
ment in different positions to note the type of fracture in reference to 


striations, 


Dr. S. R. WinutAMS: No, I have not; that would be an interesting point. 
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UNAUDITED PROFIT AND LOSS STATEMENT 
AMERICAN SOCIETY for STEEL TREATING 
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EXCESS INCOME OVER EXPENSE 


1927 Convention Prepaid Expenses 
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Steel Treating 
BALANCE SHEET 
As of March 31, 1927 
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$ 138,898.82 
28,925.58 
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67,846.25 
1,267.59 
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NEWS OF THE CHAPTERS 


News of the Chapters 


STANDING OF THE CHAPTERS 


(TRING the month of March there were 160 new and reinstated members 
D ided to the rolls of the society. There were 45 old members dropped for 
on-payment of dues and 27 for resignations and deaths, leaving a net gain 
the month of 88 compared with a net gain of 93 during March, 1926. 
In the following tabulation there appears the relative membership standing 

\0 chapters and 2 groups of the Society as of April 1, 1927. 


GROUP I GROUP II GROUP III 


Detroit . Hartford . New Haven 
Chicago 2. Milwaukee . Tri City 
Cleveland 3. Lehigh Valley 5. Los Angeles 
. Philadelphia ‘ 4. Golden Gate 4. Washington 
Pittsburgh 5. Indianapolis 5. Roekford 
New York 3. Montreal Rochester 
Boston . Cincinnati 3. Toronto 
3. Syracuse 3. Worcester 
9. St. Louis 9. Providence 
Buffalo j . Southern Tier 
Dayton 55 . Schenectady 
North-West Fort Wayne 
Springfield 
Group [—Detroit still heads this group with a total of 421. Chicago ad 
nced to 2nd place with a net gain of 7 members. Cleveland drops to 3rd 
place, although they had a net gain last month of 10 new members. However, 
they lost 11 members by transfer from Cleveland to Dayton. It is interesting 
note that, although the Cincinnati and Cleveland chapters lost a total 
{ 17 members to Dayton, both chapters sent the new organization their 
eartiest congratulations and best wishes. Philadelphia had a loss of 3 mem 
bers. Pittsburgh had a gain of 7; New York 5; and Boston 8. The standing 
the chapters, however, with the exception of Chicago and Cleveland, remains 
the same, 

Group II—At their own request, Dayton was placed in Group 2, and 
Montreal, also at their own request, was transferred from Group 3 to Group 
-, and, with their 94 members, assumes position No. 6. Hartford, although 
suffering a loss of members last month, still heads the group. Milwaukee, 
vith a net gain of 2, assumes 2nd place, displacing Lehigh Valley, which had 

gain of 4. Golden Gate and Indianapolis still have positions 4 and 
Montreal goes in as No. 6. Cincinnati, Syracuse, St. Louis and Buffalo 
have the same positions, while Dayton goes in as No. 11 with 


mbers, 


, 


55 paid- 
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a. 


ntreal, the contest 


for yy 
is with New Haven, Tri ( ity and Los Angeles, with Washington, 
tender. Log Angeles, which was No. 2 in the last report, has 
to No. 3, while New Haven with a gain of 2 and Tri City with a 9 
into a tie for first place. We received & Wire from Tri City stat 
new applications were on the way, but these could not be CO 
March report because remittances were not received. But, With th, 
these 11 ney members for April, it behooves New Haven and Lo 
Watch their laurels, or this interesting contest for the top of the , 
be decided for a time at least in favor of Tri City. Rochester, | 
Worcester have developed into another "triple tie’’, al] three chant, 
60 members each, Southern Tier showed a g00d gain last month 
members and passed Schenectady, Mort Wayne gained 3 ney memby 
Schenectady lost 4 and Springfield 1. The total membership of the < 
April 1 was 4524, 
BOSTON CHAPTER 

The April meeting of the Boston Chapter Was held On Friday 

1927, the afternoon Was spent at the Mystie lron Works in Kveret{ 
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ind also due to the fact that the cavities retain their hardness after 
ind ruin the machine tools. 

. were shown demonstrating the great increase in physical properties 

been obtained since the industry introduced organized research, 

or also stated that it has been conclusively demonstrated that the 

of a malleable casting is not in the outside skin as sometimes claimed, 

good physical properties are obtained if this outside surface is re 

efore testing. 

visitation and meeting were under the general direction of H. B. 

chairman of the program committee, and the meeting was presided 

hapt. vice-chairman L. D. Hawkridge. On the recommendation of the 


nt] tive committee, a letter has been written the president of the Massa 


nember Institute of Technology, thanking him for his generosity in again 


- the facilities of the Institute at the disposal of the chapter during the 


the S 


ear. Thanks are also due to Professors Waterhouse and Williams for 


ery valuable assistance to the program and meetings committee. 
Il. Bh. Handy. 
BUFFALO CHAPTER 


) 


he meeting was held on March 31, 1927, and called to order by Chairman 
\rmstrong at 8:30 p. m., The minutes of the meeting of March 4, 1927, were 
d and approved. 
Captain Godfrey of the Buffalo Traffie Department gave a very interesting 
talk on ‘* Street Signals.’’ An interesting discussion followed. 
Rk. H. Smith, of Lamson and Sessions Company, was introduced to discuss 
‘High Tensile on Low Carbon Steels by Heat Treating.’’ Mr. Smith ex 
‘ined the methods of heat treating and the results which were obtainable. 
Lantern slides were in use to show machines, test specimens, and results. 
luch discussion followed. 
ito two fit About fifty members and guests were present. 


aborate pow Lunch was served after adjournment. Bb, Clements. 


S small col DAYTON CHAPTER 


The April meeting of the newly organized Dayton Chapter was held 
Monday evening, April 18, 1927, in the auditorium of the Dayton Engineer’s 
Club, About 100 members and friends heard Mr. W. 8. Bidle’s interest 
ing and practical talk on ‘‘The Steel Treater’s Tools.’’ Before starting his 
bject, Mr. Bidle spoke entertainingly of the early history of the Society and 
the difficulties encountered and overcome during the first year or two of 
isulting eng life. 

> New York \s president of the W. 8. Bidle Company of Cleveland, Mr, Bidle has 
ie Tron (ani traveled extensively and visited several hundred of the country’s largest and 
ection of 1 most progressive steel working and treating plants including practically all 

ispectior \ of the largest automobile manufacturers and tool makers. 
und the char Many of the novel ideas in furnace design and operation were described 
3 were show! to the audience and were illustrated by crayon sketches. In his prefatory 
P the casting remarks Mr. Bidle brought out the advantages of plant visitation in keep- 


he loss from ng the older and more practical man up-to-date and progressive. 
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The talk dealt mainly with furnaces and furnace design. 





merits of oil, gas and electricity were discussed impartially, es 





the economic viewpoint. Mr. Bidle emphasized that the final « 





of the three heating mediums depended on conditions in the p: 
ality. Attention was called to the necessity of storage and 







charges for oil and to the decreased life of refactories in oil fired 1 
Furnaces designed for both oil and gas were described in 


special attention to the spacing and arrangement of the burn 


furnaces are installed extensively in localities where the gas suppl) t 


be scarce in winter. This temporary scarcity of gas in winter | 





last few years, been almost completely overcome. 


Mr. Bidle gave the electric heat treating furnace most of thi 
increased efficiency in furnace design. Due to'the high cost of po 






furnace builders were, from the first, compelled to pay special attent 


sulation. This resulted in calling the attention of the gas and 







furnace builders to the importance of this factor. 

During the course of his talk Mr. Bidle deseribed and illustrat. 
fired and over-fired furnaces, rotary carburizing furnaces, and dis: 
creased efficiency in heat treatment through application of the 
principle. 


INN¢ 


eount 







Several novel ideas in cooling quenching oil were given to the audie) 
A lively discussion centering mainly around rotary carburizing furnaces 
the meeting. 

The next meeting, May 16, will be addressed by Earl C. Smith, assistant 
general superintendent of The Central Alloy Steel Corporation. Mem! 
of other chapters visiting in Dayton are cordially invited to attend. 


F. T. Sis 












INDIANAPOLIS CHAPTER 


At the regular monthly meeting of the local chapter of the Society 
were pleased to have as our guest 8. P. Rockwell who delivered a most interest 
ing address on the Rockwell Dilatometer and the Volerit method of li 


treatment. Because of the very nature of the subject, we had one of thi 





best meetings of the year and many of our members and their guests f: 


nearby cities and towns were present. Mr. Rockwell illustrated in detai 
moving pictures the way in which the Dilatometer operated and all present 


were able to see the numerous places of importance where this instrument 





could be used in order to assure the manufacturer the very best possibl 
results to be obtained from the steel. Naturally his talk started considera! 


discussion in which many of the members participated and it is certain 











all present were able to realize the necessity of controlling accurately th 
temperatures, if the highest quality products were desired. 

The customary dinner was served at 6:30 p. m. after which man) 
those present were called upon to recite some of their experiences and severa 
stories brought forth much laughter. A quartet composed of men affiliated 
with the Link Belt Company gave several selections. Unfortunately, Judg 
S. J. Carter, this city, was compelled to cancel his engagement for the even 
because uf illness. 
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ging from the extreme interest manifested at the meetings and the 
of new members being installed, it is evident that our local chapter 
d to be one of the influential scientific Societies in this district as 
imparting valuable knowledge to those who attend. 
C. H. Beach. 
LEHIGH VALLEY CHAPTER 





regular March meeting of the Lehigh Valley Chapter was held at the 


Kx tion Buildings of the Bethlehem Steel Company, Bethlehem, Pa., on 
ridav, March 18, at 7:45 P. M. 

The speaker, J. A. Doyle, vice-president of the W. S. Rockwell Company, 
< our guest at the executive committee dinner held at the Bethlehem Club 
| later addressed our meeting. 

he meeting was opened with an innovation in the form of a moving 
ture. We secured from the Bureau of Mines their film entitled ‘*‘ The 


Story of Power.’’ If all of the films put out by the Bureau of Mines are as 
nteresting as this one, we would suggest this as a very attractive supple 


mentary feature for chapter meetings, Information regarding these films may 







had by addressing the Bureau of Mines Experimental Station, Pittsburgh, 






Mr. Doyle talked to us on the subject of heat treating equipment. If 
takes an artist to paint absorbing interest into an otherwise drab scene, and if 
pparently takes Mr. Doyle to create an epic out of a subject like heat treat 

¢ equipment. This was one of the most interesting talks that we have ever 
een privileged to listen to. It had to do with fundamental principles of heat 
ng steel, the importance of which was secondary only to the interesting man 


in which they were presented. F. R. Palmer. 



















NEW HAVEN CHAPTER 


Bridgeport Day of the New Haven Chapter on Thursday, April 7, has 
me and gone, but to many it was something more than just a meeting of the 
\merican Soeiety for Steel ‘Treating. 
At 4 o’elock we assembled at the American Tube and Stamping Company 
f the Stanley Works on Stratford Avenue, and under the supervision of R. 
Baldwin we were escorted through the many departments to see just how 
steel was manufactured. To many the fabrication of steel is very interesting, 
and from the number of questions asked, we have no doubt the plant visitation 
vas indeed a success. 
Shortly after six o’eclock, we motored to the University Club where a 
ry tempting and tasty menu had been prepared by the committee. More 
wer to committees of this caliber. 













Just before eight o’clock we journeyed to the assembly room of the 
bridgeport Brass Company, and after a short business meeting the chairman 
introduced the speaker of the evening, E. B. Estabrook, district manager, 
pyrometer division, of the Leeds and Northrup Company, Philadelphia, who 

very interesting talk on ‘‘Temperature Measurement.’’ This talk was 
istrated, and from the number of questions asked after the meeting, there 
loubt but that the subject was well selected. 
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The attendance prize donated by F. E. Stockwell of the 
Company of New York was won by G,. Gunther, of the Bridgeport | 


pany, Bridgeport. 


> 


In addition to the regular attendance prize, 









donated by Walter Underhill of the Regal Silver Company, New | 
won by John Bell of the Sun Oil Company, Bridgeport. New IH 
coming known by these attendance prizes, and anyone attending 
ings is eligible for the prize, so you see it pays to be among thos 
The attendance was again good and the writer notices the R. V 
Sons Manufacturing Company, of Wallingford, and the Heppenst 
Company, of Bridgeport, were tied with six men each out to th: 
The New Haven Clock Company, of New Haven, had four men presi 
the good work up. 





More power to some of the other companies to t1 







these records. 

The writer notices from the last monthly report from Cleveland 
New Haven Chapter is tied with Tri City for first place in Group 
latter chapter has forwarded eleven new applications which will put 
first place. 
of the list. 


i 


Come on, boys; let’s get busy, and keep New Haven at th 


Everybody try and bring in a new member. HW 










A 


PITTSBURGH CHAPTER 





The Pittsburgh Chapter held its annual ‘‘ Round Table’’ 
evening of April 7, in the U. 8. Bureau of Mines Building. 
After an executive committee meeting, the committee together 
forty members enjoyed an hour or so at a dinner which was served in the Bure: 
of Mines Restaurant. 


meeting 


with { 
Many expressions of pleasure derived through th 
fellowship enjoyed at these dinners have been made. 

At eight o’clock, Chairman W. H. Phillips called the meeting to o1 
the auditorium, and, after the usual short 
gram as follows: 





















business session, announced the 


‘*Spark Testing’’ by W. B. Crowe. 
‘*Spheroidizing’’ by Dr. C. M. Johnson. 


‘*Brinell Hardness’? by A. M. Cox. 
by W. J. Merten. 
‘*Distortion in Hardening’’ by J. 


**Carburizing’ 
P. Gill. 

Mr. Crowe, through the aid of a number of specimens and a high s| 
grinding wheel, demonstrated the characteristics of sparks of various carbo! 
steels and said in part: 

‘There is no doubt but that everyone has witnessed a grinding operat 
accompanied with the usual display of sparks. Possibly there are some w! 
have observed a radical difference in the character of the sparks without 
attaching any particular significance as to the cause of these differences. 


grinding whe 


‘* When steel is brought into contact with a rapidly rotating 
the grits of the wheel behave as minute cutting tools operating at extrem 
high eutting speed. When these particles of steel are hurled into the air wit! 












almost meteoric velocity they have been heated by mechanical action 





to 


the 


molten 


state. 


Exothermie action then commences 


due 


to 


this 





heating to friction with the air and also the relatively large surface as 







in the 


neh the rood \: 
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iss, resulting in the combustion of the particle partially or com 
sly particles containing different percentages of carbon will be 


ntl The 


ombustion of the contained carbon bursts the molten particle with 


when undergoing such an extremely rapid reaction. 


lence, so that by a proper correlation between carbon content and 


sparks, a practical means of approximating the carbon content 


irnished. 


principal characteristics to observe in spark analysis are: color of 


main or carrier spark as regards length; shape and 


of 


is probably a 


racter 
sub-forking. 
the 

be 


efficacy 


character the explosions known as forking or 


of vision large factor in the appearance of 


the same spark on different eyes may 


the 


that the impression ot 
but 


s not impaired. 


different, inasmuch as test is purely relative the 


carrier spark of dark red color and few if any explosions or 


ates a low earbon content. Where the carrier spark is short and 


ith initial forking close to the wheel, and also a multitude of sub 


gh earbon content is denoted. 


group of standards are prepared with 5 to 10 points of earbon 


es, experience will soon enable one to arrange these specimens in their 


bon content order by means of the spark. Having become proficient, 


one would be able to determine the approximate carbon content of 


n. 


rying degrees of hardness of the same steel has no influence on the 


eristics of the spark, inasmuch as before the particle has left the wheel 


| 
i 


re some 
arks 


rences, 


Ww Ithor ; 


‘inding whe 
at extremely 
the air wit! 
etion 
) this 


Fac: 


he practical value of the spark test is not difficult to see, 


ised to be hard—or rather the particles have attained the same degree 


ness 


high tungsten steel is clevated to such an extent 


effect ive, 


fusion point of 


exothermie reaction has searecely a chance to be resulting 


d sparks with only an occasional fork. 
especially if 
had the sad experience of mixed lots of steel which have frequently 


detected until the material has failed in service. 


a test which can be made in the yard, in many cases without mov 
material and, under favorable conditions, requiring less than one-halt 
er test, is certainly entitled to serious consideration.’’ 


Johnson defined ‘* spheroidizing’’ as the bringing together of the 


aggregate which takes 


le,C) particles existing in steel into a loose 


ular or nodular form. This change is accomplished by prolonged 


slightly below the temperature at which steel will harden if suddenly 
lhe presence of considerable amounts of nickel, manganese or copper 
latter temperature, while chromium, silicon and vanadian steels re 


igher temperature, as also does tungsten steel. It is interesting to 


that if manganese be present to the extent of 13 per cent, or nickel 


int of 25 per cent, no eritical point can be deteeted in cooling these 


high temperatures to room temperature. The rate of lowering of 
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the critical point by these two elements would, therefore, be aby 
Cent. for each one per cent of nickel present, and about 50 de 
each per cent of manganese present. 


However, the usual rang: 
be 


spheroidized somewhere between 





steels can 








(600 degrees ( 
degrees Cent.) 1112 Fahr. and 1364 degrees Fahr. It is usually s 








the steel at the favorable temperature for from 5 to 12 hours to 
spheroidization. 





The low carbons below 0.50 per cent can be | 
globular state in about half the time required for the eutectoid 
0.90 per cent carbon steel. 











The latter steel is supposed to be thx 


























to a temperature 








ing the austenitic steel. 








to spheroidize, more so than the higher carbon steels. Sor! 
spheroidize more readily than the pearlitic steels for the r 
cementite is in the finest state of division in the sorbitie steel. St 
holding below the critical range, should first be normalized; t) 


at whieh carbides will completely dissolve in tl} 




















cementite being present offering more nuclei. 





cementite does not travel far. One does not 


In the balling up 


find the rounded bodir 


This is called heating through the A 
the temperature at which all of the cementite is dissolved in iro: 
is then cooled as fast as possible in the air. 

Also, steels with a carbon content in excess of the euteetoid 
0.90 per cent carbon, are more quickly spheroidized by reason 





sparsely 














areas previous to the annealing. 


As evidence 


that 


or evenly throughout the much larger area of 
spheroidized steels of low earbon content, such as 0.20 and 
carbon. On the contrary, they are all located in islands that 


Perruft 


the spheroid 
knit, one finds that even though the drillings from such steels by 








extreme softness are thick and chunky, yet these chunks dissolve w 
rapidly in dilute nitrie acid. 





If these balls were dense, the chemieca 





ing test would show the case as such, but instead, the test reveal 





to be in the finest state of division as to the individual particles that 
the spheroids. 




















This test was originated about thirty years ago by EK. 8. Jolu 
an infallible test for complete spheroidization, or what is the sme 
perfection of annealing of steel in carbon steels. It can be mad 








minutes or less. 
of 








1.20 Sp. Gr. nitrie acid, in a 





tube 6 inel 


ics 


perfect ly clean test 








‘, in. diameter without heating. The action is rapid and the carbick 
are quite black at of the finest state of division, and do 1 


together but are so finely divided that even a 





first and 





steel with a 














as much as 1.20 per cent does not reveal its carbon in large brown 1! 
does when not annealed. Instead, the carbide particles are so fine 
almost wonders where they are when one suddenly finds they are m 





lected in the bottom of the tube in a fine powder, having settled imp: 
The 


seconds, 





and settling in 


aly 








solution a well-spheroidized sample takes 
By sharp contrast, a steel that has had little or no ann 


vield drillings with the same drill, that require three minutes t 


sy 














It consists of dissolving 0.100 gram of drillings wit! 







ith extre 


Nn 


earbon cont 


ake 





THE 










NEWS 





OF CHAPTERS 


















of gas from the aeid attack; and thirty minutes to settle partly 

m of the tube. 

steel spheroidized? ‘To get it into the maximum degree of soft 
is highly desirable for most machining operations, When steel is 
nheroidized it is as soft as it ean be gotten, as will be shown by 
hardness. ‘There is only one softer condition for steel of appreciable 
tent; and that is attained by prolonging the heating to such an ex 
eause the cementite to decompose into the last and most stable 
mely, elemental carbon or graphite, and iron, 
soaking period is too lengthy and the silicon is in excess of 0.15 
over 1.10 per cent, the graphitie phase is attained thereby render 

feel unfit for keen-edged tools. 


fhe speaker believes that spheroidizing proceeds at the greatest speed 


normalized steel is held as close to the temperature at which pearlite 







in iron to form austenite as possible without actually attaining to 







erature. In other words, not quite attaining to solid solution Thi 
d easily be settled by experiment, 


\\ does cementite assume the nodular form? One can see why it should 





, muss because it cannot exist in the ferrite in solid solution, But 









sunded shape? Hlowe ealled the process ‘*a true divorcing of pearlite 

ite and cementite.’’ Why does it ball up? ‘The following may ex 
globular outlines: ‘‘Let us consider the facet that spheroidizing 
place at a temperature when expansion is interrupted and contraction 


md, further, that in cooling down, contraction ceases suddenly and 


















nsion oceurs for a time. The cementite being very hard and brittle cannot 
train, and the carbide fence is shattered into tiny fragments. The 
tion being more or less equal in all directions, these fragments are 
compressed into more or less rounded bodies, That these forms are 
loose agglomerates of extremely minute fragments is suggested by 
divided particles shown in the chemical annealing test already stated 
extreme rapidity of solution of the spheroidized steel 

\ir. Cox then took up the subject of ‘*Brinell Hlardness’* and its rela 
ther physical properties, saying that Dr. Brinell was one of the first 

a comparative table of Brinell hardness and tensile strength, 
hows a relation between the Brinell hardness and tensile strength 
determined from experiments made in Sweden on annealed steels, 


itions are as follows: 









‘Mm’? 
where ‘‘M’’ is the tensile strength 
éoq'9? 


is a constant 


‘11’? is the Brinell hardness 











The value of the constant is as follows: 














ressions made transverse to direction of rolling and ‘‘HL’’ is below 


‘('?? will be 462. The same direction of rolling with ‘‘ Hl’? above 
‘('’? will be 490, 


essions made in direction of rolling and ‘‘H’?’ is below 175, then 
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‘*C”’ will be 504. The same direction of rolling with ‘‘H’’ 
**O?? will be 516, 

















R. R. Abbott (American Society for Testing Materials, \ 


= \ 








Il, 1915) evolved the following equations from a large number of 
























"- Maximum Strength in 1000 lbs. per sq. 
‘BB? Brinell Hardness Number 
‘6g? Scleroscope Hardness Number 








Carbon Steels Nickel Sti 
‘cM? 0.731 Z aa? 0.718 
a" * 4. 48 28 oM?? 3. 





x 









on 








Chromium-Nickel Steels Chromium: N ick 














0.50% Cx 1.5% Ni 1.00% Cr 
‘cM? 0.68B 22 + i?" 0.71B 
éoM?? l (¢M’’ 













Chromium-Vanadium Steels 
‘cM? 0.71B 29 
‘oM?? 4. 2] 















25 








In February, 1919, T. D. Lynch compiled data on Brinell ha: 




















tion to the other physical properties. The following formula 
from 1371 tests: 
Tensile Strength 134.6B + 11060 
KElastie Limit 251.7B + 5642 
Klongation $5.6 O982B 







In introducing the subject of ‘‘Carburizing,’’ W. J. Merten 


a survey of the literature on earburizing reveals a curious state of 





that practically the entire subject is handled from a standpoint 








ments of ‘Technical Ideals’ rather than ‘from a standpoint of 
Practicability.’ 











‘* However, carburizing is an art, and the human element plays a 





able part in the problems. What is technically possible is not alway 


of commercial attainment. ’’ 








In describing the mechanism of carburizing, the speaker said 


A 





they combine forming a solid solution of carbon in iron. In actual 








earburization is carried on in a gaseous mixture of CO and CO,,. 





‘*Carburization or cementation is produced by the following re 





CO gas by iron: 








3Fe +- CO = Ke.C } O 














‘*The earbide, Fe,C, going into solution in gamma iron 
rY ry 





























‘*When the gas phase, the system CO and CO,, and the solid p! 





iron and carbon are brought into contact and heated above 900 deg: 


? 


ees 


equilibrium between the degree of saturation of austenite and the gas 


at the prevailing temperature and pressure is established. It should b 

















Driid 





out that, the larger the percentage of CO gas in the gas mixture (tem] 
and pressure remaining constant), the higher the saturation point of gam 


iron with earbide will be raised, until a maximum saturation is obtaine 
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This was an opportunity to hear about a remarkable metal 


opment, told by a man expert enough to talk in simple understand 






We are sure that all the members who did not avail themselv 
Langenberg missed a treat. 


There being no further business, Dr. Langenberg was given 










of thanks and the meeting was adjourned until April 15, at whi 
d’Areambal of the Pratt and Whitney Company will lecture on 
control in a plant manufacturing machinery, small tools, gages 


motors. 


There will be a joint meeting with the St. Louis Chapter ot 


Society of Mechanical Engineers at this meeting, and for the ) 


\ 





we have Dr. J. A. Mathews of the Crucible Steel Company, 









c. G 





The sixty-sixth regular monthly meeting of the American So 





Steel Treating, St. Louis Chapter, was held jointly with the Ameri 





of Mechanical Engineers, Friday evening, April 15, 1927, at t] \n 













Annex, with 102 members and guests present. This was indeed a { 


ance, in spite of the inclement weather, and it took nerve to bray 
in this section. 

After the usual dinner the meeting was called to order by Mr. S 
chairman, after which the minutes were approved and read. No 
was reported. 

The following nominating committee was appointed: F. G. White, \ 
Enameling and Stamping Works, Chairman; L. T, Clark, Leschen \ 


Company; and G, C. Hall, Atlas Tack Corporation; who are to nor 











the officers for the coming year, 


The speaker of the evening, A. H. d’Areambal, chief metallurgist P 
and Whitney Co., gave an excellent practical talk illustrated with 


the subject being ‘‘ Metallurgical Control in a Plant Manufacturing Machine 
Small Tools, Gages and Air Craft Motors.’’ Mr. d’Areambal brought 
some wonderful points on the proper hardening and grinding of various sn 
tools. One high light in the small tool item was ground high speed ta; 
hardening. 











One of the high lights of the meeting was brought forth in an 
motor called the ‘*Wasp,’’ air cooled, used by the United States Navy 
pound engine with a 450 horse-power, with speed of 180 miles per hour, 
has an acceleration of 600 to 1900 revolutions per minute in 4/5 of a si 

or in other words, has an acceleration of a speed of 100 miles in 6 s 


with a take-off of 120 feet. This was indeed an entertaining meeting, 











all who were unable to attend certainly missed a treat. 


There being no further business, Mr. d’Arcambal was given a rising 
of thanks, and the meeting was adjourned until the next, which will b 
time in May. C. a. We 


TORONTO CHAPTER 
At the March meeting of Toronto Chapter held in the Con: 


Company Building, March 25, reports of progress on the Steel a 
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: \ ges Canadian industry may obtain from the American Society for Steel 
| | r activities. 
1] Molybdenum steels was the subject discussed by the principal speaker of 
ening, Allan Kissock, metallurgical engineer, Climax Molybdenum Com 
io 2 New York. While primarily a mining engineer, and chiefly interested 
2 hase of the production of the metal, Mr. WKissock has absorbed much 
information, particularly as to the uses and the troubles experienced 
lo steels. 
a a series of slides a clear idea of the processes of mining were 
as well as some interesting history of the metal. Early in 1914, in 
» Me a \riz., a Texas cowpuncher found a heavy, yellow mineral in consider 
7 nnage of tailings from an old gold mining operation. The mineral 
to be wulfenite, a lead molybdate. 
WW) \n, Arizona attorney discovered several European firms were willing to 
—— ol price for concentrates of the material, and a small operation a 
=“ was started. 
| became interested in the enterprise about this time,’’ continued Mr. 
bo y k, ‘‘more particularly in connection with the converting of the concen 
od with into ferromoiybdenum., It seemed oniy logical to remove the more 
ring Ma fifty per cent lead and what little gold was contained, and deliver only 
0) broug) d product. <A smelter was erected in Tucson, of which both lead 
a nd ferromolybdenum were the products. 
speed ‘Th process differed from regular lead melting only in that a soda slag 
employed, and this operation was conducted in both a reverberatory and 
he te wketed blast furnace. The resulting soda molybdate slag was smelted 
tates Navy, | ron in eleetrie furnaces to ferromolybdenum, ”’ 
per hour, Mr. Kissock gave in the course of his talk an interesting description of 
oe bles experienced, both in producing and marketing the metal, and de 
or uses as an alloy as well as methods of treatment. A feature of the 
ie meeti: m was the frank way in which the speaker outlined the limitations 
ich questions must be kept if he was to pass along reliable infor- 
ie etatne on subjects of interest to members, a stipulation which might well be 
oh itt I rated in the ‘frepertoire’’ of lectures in other fields. 
CW Campbell Bradshaw, 
TRI-CITY CHAPTER 
Cor meeting was held at the Davenport Chamber of Commerce on Thurs 
“a Mareh 17, 1927. Thirty members of the chapter were present at 
| later for a talk by R. 8. Archer, metallurgist for the Aluminum 
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Company of America, Cleveland, 





Ohio. Mr, 


trated with slides, pointed out the characteristics 


Archer’s talk. 


peeulian 


aluminum and its alloys. By proper heat treatment of vai 
strength and toughness may be secured in comparison with t] 
the pure metal. The alloys in most common use are thos 
aluminum, silicon magnesium aluminum, ete. Mr. Archer exp 


the chemical and physical changes these alloys undergo during 
Mr. Archer also pointed out the future possibilities of alun 
the fabrication of machines requiring extreme lightness and n 
from wrought iron or steel. The advances made in both hea 
than-air aircraft have resulted largely from the use of thes¢ 


aluminum alloys. The possibilities of these alloys are all tl 


it is considered that 10 per cent of the earth’s crust 


Conta 


in aluminum content. 






WASHINGTON-BALTIMORE CHAPTER 

At a special joint meeting with the Washington Chemical S 
Washington Academy of Science on March 4, 1927, Prof. 
the University of Sheffield, favored the meeting with a most 
instructive talk on the subject ‘*‘The Growth of Crystals.’’ 1 
illustrated with a number of slides.’ 

According to Professor Desch the geometrical side of 
crystallography is at present almost perfect. It was, however, 
years after Robert Hooke presented in his book ‘‘ Micrographia 
first pictures of crystals as seen under the microscope, that 
crystallography began to develop very rapidly. These phenon 


growth still need much further study. 


The modern conception of erystals is that they are comp 


arranged in a space lattice. The characteristics of the lattic 
shape of the crystal and also its physical and mechanical pro} 
lattice, a unit of simple geometrical form is repeated at regul 


three dimensions. There are certain planes in which the atoms ; 


















packed than in other planes. It is these planes of close packit 


the largest part in determining the growth and other properties 


It has been established that growth perpendicularly to a densely 


is always slower than growth in any other direction. <A plane cont 


few atoms is a surface of rapid growth. The faces perpendicul 
of minimum velocity are those which survive. They increase 

expense of the others. Organic substances such as salol present 
for observation of crystal growth. Metals offer especial diffi 
respect since they are opaque, and metallic crystals originate 

at elevated temperatures. 


When a metal (copper) hemisphere provided with cooling 


? 


Cul 


is immersed in a fused mass and is kept at a temperature belo 


point of the fusion, the influence of undercooling and of the ra 


of the latent heat of fusion may be studied. Crystal faces beg 

















‘Kor details see “Growth of Metallic Crvstals’’ by Cecil H. Desch, 


meet 


here at length 
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reas on the curved surface. The plane faces have at first cireular 
nes, but as they increase in size they meet along straight boundaries, 
iemisphere becomes a polyhedron, the faces of which are the stable 
single crystal of the substance. 
rees Which hold the atoms together in a space lattice are in all 
ty identical with chemical forees, and depend on the electronic 
nts. Within the crystal these forces are symmetrical, but at a free 
ey must have an unbalanced character, the result being the existence 
| affinity’’ at the surface which therefore has the power of attract 
ding other atoms or molecules. The holding of similar atoms con 
owth, but foreign atoms, ions, or molecules may also be held, thus 
» the character of the surface of the crystal. A layer of foreign 
s being held ‘‘absorbed’’ by certain faces, growth perpendicular to 
ces is hindered, so that they become more persistent. For instance, 
ming complex molecules with sodium chloride is held more strongly 
lral faces consisting wholly of sodium atoms or wholly of chlorine 
in by the neutral cubie. faces. Lead nitrate which crystallizes in color 
dra shows new colored blue faces when methylene is added. 
direction of chemical attack in a crystal, like its mechanical properties, 


mined by the position of its most closely packed planes, The different 


ts do not necessarily attack the crystal in the same directions, so that the 


tion of chemical affinity on different planes has to be taken into account 
as the closeness of packing. The action of the reagent on a face is 


t points which develop into etching pits. These etch figures show 


irkable phenomenon of periodicity. 


When the etched section of a steel ingot is caretully examined, there is 


OT 


a thin outer skin of extremely minute crystals, followed immediately 
one of large columnar crystals, appr ximately at right angles to the 
In ingots poured very hot (‘‘scorched’’) this zone may extend to the 
The original nuclei may have any orientation, but only those which 
direction of rapid growth perpendicular, or nearly so, to the wall 
In most ingots and castings the columnar zone does not reach to the 
nd the remainder of the mass solidifies in crystals which have a random 


h, SO called ‘* equiaxed ”’ crystals. It seems most reasonable to sup 


hat the columnar erystals have separated under ‘‘ metastable’? and the 


erystals under ‘‘labile’’ conditions, 

s believed that the production of nuclei is assisted by the existence of 
molecules, already attached to one another, in the liquid state, above 
ng point. It is suggested also that a high temperature breaks up the 


aggregates which most readily form crystal nuclei. In the midst 
iquid, where equiaxed erystals are formed there is approximately equal 


ng of the nuclei so that the size of the resulting crystals does not vary 


about a mean value. 
seems that there must be a certain periodicity of recurrence of the 
ns under which a nucleus can form. It has been previously shown by 
er’,* from a statistical comparison of the shapes of crystal grains in 


Desch. Second Report to Beilbvy Committee, Jnl. Inst. Metals 1919) 22, 241 


Desch, Ree. Trav. Chim. Pavyvs-Bas. (1923) 42, 822 
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cast metals and those of foam cells, that the form of the bounda: 
mined by the interfacial tension between the growing crystals and 
metal. For instance, isolated grains of brass, disintegrated by immer 
mercury, were examined, each face being marked and the number | 
and the direction of its curvature being noted. A general resem! 
found between the shapes of soap foam cells and metal grains. 

Minute gold crystals prepared by chemical precipitation lose 
outlines on heating at about 700 degrees Cent.—more than 300 degre, 
the melting point—and become rounded and finally spherical. T), 
tension and cohesion diminish as the temperature is raised, and it seems 
the two properties do not decline at the same rate, so that the influene 
surface extension becomes greater at high temperatures, when the cohesion i 
relatively weaker. It is probably the same cause which produces the roundino 
of dendritic crystals in alloys. , 

-assing to the question of the dendritic growth, the speaker pointed 
that in non-metallic substances this is usually caused by viscosity of the liquid 
or by exceptionally rapid crystallization. It cannot be viscosity, however, whic) 
is responsible for the dendritic habit of metallic crystals. The relatively higt 
heat of crystallization of metals is no doubt a factor. A most remarkah) 
feature of the dendrites is their regularity. Under favorable conditions th 
branching takes place at regular intervals, although the perfection of snow 
flake crystals, which are dendrites with hexagonal symmetry, is never a; 
proached by metals. 

It must be supposed that the crystal exhausts the material in its neigt 
borhood and an appreciable time is needed for the conditions of growth t 
reestablished; this recurring at regular intervals is one of many perioii 
phenomena which are encountered in chemistry. The formation of Liesegang 
rings in precipitates is the most familiar example. 

During the discussion it was explained by Professor Desch that the peculiar 
etch pattern observed® on rolled and then annealed strips of pure tin upon 
corrosion in normal alcoholic stannous chloride and 0.64N hydrochloric acid, 
which was independent of and superimposed upon the crystal structure pattern, 
may be caused by convection currents. 





At its March meeting, on the 25th, Dr. D. A. Lyon, chief metallurgist and 
supervisor of stations of the United States Bureau of Mines, addressed t 
Washington-Baltimore Chapter on the subject ‘‘Nation-Wide Activities of 
the Bureau of Mines.’’ 

In his introduction some statistical figures were given to remind the men 
bers of the importance, scope and influence of the mineral industry on moder 
civilization. Attention was called to the fact that each year about two billion 
tons of mineral substance (including oil) are taken from the earth, having 4 
marketable value of nine billion dollars. Coal represents 61 per cent of the 
value of tonnage mined; petroleum, 12 per cent; iron, 6 per cent; copper, 


‘For details see Discussion of V. N. Krivobok and 0. E. Romig’s paper entitled “* 
face Structure Versus Inner Structure of Metals’”’ by A. I. Krynitsky. Trans. | Amer! 
Society for Steel Treating, Nos. 1924, p—630-633; and “Corrosion Patterns on Cold W bre 
Tin and Zinc” by Henry S. Rawdon, Alexander I. Krynitsky and Julius F. T. Berline! 
Chemical and Metallurgical Engineering, 1922, p—212-213. 
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cor cent; gold, 3 per cent. The United States contributed 39 per cent of the 
world’s tonnage with an annual production of nine hundred million tons, It 
hog within its boundaries more than one half of the smelting capacity of the 
ail and 70 per cent of the oil refining capacity. The total value of the 
United States mineral products is five billion dollars annually, of which amounts 
tho fuels represent three-fifths, the metallics, both ferrous and nonferrous, one- 
fifth, and the non-metallics, one-fifth. 

[his country imports minerals from all parts of the world, nearly equal 
» value to those which it produces. 

Although definite information is difficult to obtain as to the number of 
men employed in mining, smelting or otherwise preparing mineral products 
for the market, it is safe to estimate that one-half per cent of the population 
of the United States is directly concerned. 

Taking into consideration the fact that the use per capita of metals in 
this country doubles about every ten years and likewise the fact that prob- 
‘bly not a half dozen great mines have been made in the last decade, it can be 
readily understood why one of the most important functions of the Bureau 
of Mines at the present time is to increase safety, health, economy and effi- 
iency in the mining, quarrying, metallurgical, and miscellaneous mineral in- 
justries of the country. 

The situation now confronting the mining and metallurgical industry is as 
follows: 

The ores in this country are becoming lower and lower in metallic content, 
jue to the fact that the richer ores were mined first. (Ore has been defined as 
metal-bearing rock that can be worked at a profit). It is for this reason that 
the Bureau of Mines, in its technological, economic and safety branches, is 
endeavoring to determine by research work and inquiries, to what extent the 
fundamental laws of physics, chemistry, and economics may be applied to 
mining, metallurgical treatment, and marketing of metals and non-metals, so 
that they can be mined, treated and sold at a profit. In this connection it is 
to be remembered that the same elementary laws of chemistry or economics 
apply to the petroleum as to the cement industry. 

As previously indicated, the Bureau is divided into five major units, the 
technologie, economics, health and safety, and administrative branches and the 
fice of the chief mining engineer. Each branch is composed of several 
divisions and these divisions are in turn sub-divided into sections. 

The metallurgical division contains the following sections:—physical- 
hemical laboratory, lead and zinc, low grade complex ores, coal beneficiation, 

pper, ore beneficiation, experimental blast furnace, steel making and electric 
furnace, non-metallic, oxygen production, rare and precious metals. 

The activities of the different stations were explained, and the results 
secured at those dealing with purely metallurgical problems were described in 
some detail, Among these were the study of the flotation process for ore 
beueficiation which has already revolutionized the recovery of values from 
many deposits of metallic minerals; the studies of reactions within the blast 

‘urnace and the most probable benefits to be derived from oxygen enrichment 


e 


( the blast and the use of oval or rectangular rather than circular furnace 
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sections: the process developed for the manufacture of sponge ir 
grade ores and low grade solid fuels, and the work looking forw 
the commercial production of improved refractories. 

During the discussion, the possibilities of replacing nickel-contair 
by molybdenum steels was considered and the abundance of molybd 
in the United States, brought out. The possibilities of producing 
by direct reduction of mixed ores, were also discussed, particu 


problems involved when dealing with mixtures of compounds of 


widely different ease of reduction such as iron, titanium, and molybdenun 


a 
WORCESTER CHAPTER, 


The eighth regular meeting of the Worcester Chapter was held March 24 


as a joint meeting with the American Society for Mechanical Engineers, Flee 
trical Engineers, and Civil Engineers. Dinner was served at 6:30 p. m. to two 
hundred members and guests. 


Professor D. 8S. Kimball, Dean of the College of Engineering at Cornel) 


University, was the speaker for the evening. He is one of the outstanding 


engineers of the present day, and we were very fortunate to have him with us, 
The subject of his talk was ‘‘ The Engineer and National Progress.’’ 

Dean Kimball pointed out that people progress by explaining thei 
periences either by the spoken word or by written records. Within the last 
300 years men have complied vast records by keeping their experiences in 
written form. They have gathered more scientific knowledge during this 


period than ever before. With this knowledge they have built up modern 


civilization. 

The lines of growth are three jin number: First, Development of labor 
saving machinery. The remarkable development in the ways and means for 
producing power in the last fifty years is amazing, and we do not know what 
will happen in the next fifty years. 

Second, Development of time-saving machinery. This includes automatic 
and semi-automatic machinery. How much further we can go in the devel 
opment of this kind of machinery is unknown to us. 

Third, Line of development. Transmission of intelligence. From signal 
to telegraph to telephone and then radio and radio is only a forerunner of 
other lines to come. All this has for us a high degree of civilization which no 
other country can boast. The engineer has accomplished this—of course, using 
the word engineer in a broad sense. Years ago it was an easy thing to define 
the work of an engineer, but today that is much changed as a great many men 
trained in engineering work find a great many lines of endeavor. 

In all lines of development engineering ideas are being used. The diagram 
or graph that the engineer uses to express his reasoning has been applied to a 
great many lines of work. This graphic idea of expression has been developed 
within the last 25 years and has become an essential part of a high school 
pupil’s training. 

The field for the engineer is increasing and what is coming in the next 
fifty years in the form of development will depend a good deal on him. 


G. Johnson 
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